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Importaiit Notice 



Atmel guarantees that its circuits will be free from defects of material and workmanship under 
normal use and service, and that these circuits will perform to current specifications in accordance 
with, and subject to, the Company's sgmdaid wairaniy which is detailed in Atmd's Pmchasing 

Order Acknowledgment. 
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the use of semiconductor devices described in this data boolc fet qifiiications isitfatance, 
CDStomen' product design <x infinngement of patents or copyiigl^ of dmd paitie. 
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nimiber specification is compliant with the SMD: 

Ttaderaadcs or tepataed trademarks used in diis document itay be the p rop e r^ of etheis. 



e Atmel Corpiaa^ 1^ 
Printed on reqrded paps'. 

® 



Overview 



^A^el's AT89 Series of Flash Microcontrollers 

With the Flash memory-based microcontrollers from Atmel, you can achieve 
safe, easy reconfigurability in any 80C51-based product. With reconfigurabil- 
ity , you can make every product on your line exactly what your customers 
want. 

Benefits 

• Flash memory- 
change operating code in - - 
seconds and shorten development cycle 

• 80C51 socket compatible- 
direct replacement (use existing code) with 40/44-pin devices 

• Static state clock mode- 
savespower 

• Stock just one part- 
make many model options 
in a flash, JIT 

• Zero scrap due to misprogratnming- 

every device is repro^^S^e 

• Accelerate final test- 
substitute test vectors for 
operating code in assembly 

• Make changes remotely- 
increase customer satisfaction 




Each device on the Rash microcontroller family consists of all the core features plus spiqe additional features. 
A feature comparison of all the Atmel microcontrollers is shown in the table below. 
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The Atmel Family of Flash Microcontrollers 





A 1 1 






ATAOI MHO 


H 1 09w^U3 1 


ATnapi nd 

H 1 090 1 UO 1 


A 1 0990^0^ 


Bytes Flash Pn^pram 
Memorv 


4K 


4K 


8K 


8K 


2K 


IK 


8K 


Bvtcs Dats Meinorv 


198 RAM 








17R R AM 


ftA.1l AM 




Bvtes On Board EEPROM 














2K EEPROM 


VO Pins 


32 


32 _ 


32 


32 


15 


15 


32 


i6-Bit Timer/Counters 


2 


2 


3 


3 


2 


1 


3 


UART 


X 


X 


X 


X 


X 




X 


Interrupt Sources 


6 


6 


8 


8 


6 


3 


9 


Power Down and Idle Mode 


X 


X 


X 


X 


X 


X 


X 


Low Voltaee Operation 




X 




X 




X 


X 


Securitv Lock Bits 


3 


3 


3 


3 


2 


2 


3 


SPl Serial Interface 














X 


Watchdoe Timer 














X 


Dual Data Pointer 














X 


Intempt Recovery firom 
Power Down 














X 



Atmel Corporation designs, manufactures, and markets high quality and high 
performance CMOS memory, logic and analog integrated circuits. Founded in 
1984, the Company serves the manufacturers of computation, communica- 
tions and instrumentation equipment in commercial, industrial and military 
enviromnraits. 

Atmel's broad line of products provide customers with a variety of solutions 
to their memory and logic ^jplicatioos.^Udpffers high-density, high-speed 
memory and logic standard podncts ^pMp^custom gate arrays. 

Atmel guarantees quality and reliability by fabricating all products — no mat- 
ter what their intended application — to meet or exi^ tte gggcifications of 
Military Standard 883. ' *l 

Whether you are new to programmable logic or an experienced user, Atmel is 
committed to your success. If you have any questions or would like to place 
an order, please contact your local Atmel sales office as listed in the back of 

this data book, or coi^t^med's corporate headquarters. . 

* ' ' 'It • -v 

Atmel Corporation / FAX-ON-DEMAND: 

2125 O'Nel Drive « . ui. (1-800) 29-ATMEL (292-8635) 

San Jose, CA 95131 International (1-408) 441 -0732 

PHONE: (408) 441-0311 Atmel BBS: (408) 436-4309 

FAX: (408) 436-4300 



We thank you for considering Atmel semiconductors. 
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Selection Guide 



Microcontroller 



Part Number 


Memory Size 


Description 


Availability 


AT89C1051 


IKxS 


2.7-Voit, 80C31 Microcontroller with 1 Kbyte Flash, 20-Pin Package 


Now 


AT89C2051 


2Kx8 


2.7-Volt. 80C31 Microcontroller with 2 Kbytes Flash, 20-Pln Package 


Now 


AT89CS1 


4K)(8 


80C31 Microcontroller with 4 Kbytes Flash 


Now 


AT89LV51 


4Kx8 


2.7-Volt, 80031 Microcontroller with 4 Kbytes Flash 


Now 


AT89C52 


8Kx8 


80C32 Microcontroller with 8 Kbytes Flash 


Now 


AT89UVS2 


8Kx8 


2.7-Volt, 80032 Microcontroller with 8 Kbytes Rash 


Now 


AT89S82S2 


8Kx8 


80C32, Downloadable Microcontroller with 8 Kbytes Flash, 2K EEPROM 


Now 



QSllA 
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Ordering Information 

Ik 



Explanation of Atmel's Part Number Code 

All Atmel part numbers begin with the prefix "AT". The next four to nine digits are the part 
number. In addition, Atmel parts can be ordered in particular speeds, in specific packages, 
for partieular temperature ranges and. with the option of 883C level B military compliance. 
All Atmel Microcontrollers use 12 voU programming vflltage if ordered as a standard part. 
However, the Atmel AT89C51 and AT89C52 can be special ordered as 5-volt programmable 
devices. If this option is desu-ed the part must be ordered with a -5 at the end of the ordering 
code (AT89C5X-XXXX-5). 

The available options for each part are listed at the back of its data sheet in its "Ordering 
Information" table. These options are designated by the following suffixes placed at the end 
of the Atmel part number, in the order given: ' 

Prefix Device - Suffix 



AT 



89CXXX X X X X 



Processing 

Blank = Standard 

/883 = MIL-STD-883, Class B Fully Compliant 



Temperature ISatige 

C = CommereSal 

I = Industrial 

A = Automotive 

M =MiiM(ary 



Package 

D 
J 
L 



Cerdip 

Plastic J-Lead Chip Carrier 
Leadless Chip Carrier 



p = 


Plastic DIP 


s = 


SOIC 


Q = 


PQFP 


A = 


TQFP 


W = 


Die 



Speed 

12 = 12 MHz 
16 = 16 MHz 
20 = 20 MHz 
24 = 24 MHz 



9 = FLASH 
Here is an example Atmel part number: 



Atmel 

Part 

Number 



Package Temperature 
Speed Type Range Processing 
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Product Index 
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Part Number 




Description 










MCUs 


Pins 


Package 


vcc 


Speed 


Temperature 


Flash 


Page 


AT89C1051-12PC 
AT89C1051-12SC 
AT89C1051-12PI 
AT89C1051-12SI 


20 
20 
20 
20 


PDIP 
SOIC 
PDIP 
SOIC 


3V 
3V 
3V 
3 V 


12 MHz 
12 MHz 
12 MHz 
12 MHz 


Commercial 
Commercial 
Industrial 
Industrial 


1 K 
1 K 
1 K 
1 K 


3-3 
3-3 
3-3 
3-3 


AT89C1051-24PC 
AT89C1051-24SC 
AT89C1051-24PI 
AT89C1051-24SI 


20 
20 
20 
20 


PDIP 
SOIC 
PDIP 
SOIC 


5V 
5 V 
5 V 
5 V 


24 MHz 
24 MHz 
24 MHz 
24 MHz 


Commercial 
Commercial 

Industrial 
Industrial 


1 K 
1 K 
1 K 
1 K 


3-3 
3-3 
3-3 
3-3 


AT89C2051-12PC 
AT89C2051-12SC 
AT89C2051-12PI 
AT89C2051-12SI 


20 
20 
20 
20 


PDIP 
SOIC 
PDIP 
SOIC 


3 V 
3 V 
3 V 
3V 


12 MHz 
12 MHz 
12 MHz 
12 MHz 


Commercial 
Commercial 
Industrial 
Industrial 


2 K 
2K 
2K 
2K 


3-17 
3-17 
3-17 
3-17 


AT89C2051-24PC 
AT89C2051-24SC 
AT89C2051-24PI 
AT89C2051-24SI 


20 
20 
20 

20 


PDIP 
SOIC 
PDIP 
SOIC 


5V 
5V 
5V 
5V 


24 MHz 
24 MHz 
24 MHz 

24 MHz 


Comrii4ficial 
Commereial 
Industrial 

Industrial 


2K 
2K 
2K 

2K 


3-17 
3-17 
3-17 
3-17 


AT89C51-12AC 

AT89C51-12JC 

AT89C51-12PC 

AT89C51-12QC 

AT89C51-12AI 

AT89C51-12JI 

AT89C51-12PI 

AT89C51-12QI 

AT89C51-12AA 

AT89C51-12JA 

AT89C51-12PA 

AT89C51-12QA 

AT89C51-12DM 

AT89C51-12LM 

AT89C51-12DM/883 

AT89C51-12LM/883 


44 
44 
40 
44 
44 
44 
40 
44 
44 

44 / 

40 
44 

40 
44 
40 
44 


TQFP 

PLCC 

PDIP 

PQFP 

TQFP 

PLCC 

PDIP 

PQFP 

TQFP 

PLCC 

PDIP 

PQFP 

CERDIP 

LCC 

CERDIP 

LCC 


5V 
5V 
5 V 
5 V 
5 V 
5V 
5V 
5V 
5V 
5V 
5V 
5V 
5V 
5 V 
5 V 
5V 


12 MHz 
12 MHz 
12 MHz 
12 MHz 
12 MHz 
12 MHz 
12 MHz 
12 MHz 
12 MHz 
12 MHz 
12 MHz 
12 MHz 
12 MHz 
12 MHz 
12 MHz 
12 MHz 


Commercial 

Commercial 

Commercial 

Commercial 

Industrial 

Industrial 

Industrial 

Industria) 

AutonnqBve, ^ 

AutomoHye 

Automotive 

Automotive 

Military 

Military 

Military 

Military 


4K 
4 K 
4K 
4K 
4K 
4K 
4K 
4K 
4K 
4K 
4K 
4K 
4K 
4K 
4 K 
4K 


3-33 

3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 


AT89C51-16AC 

AT89C51-16JC 

AT89C51-16PC 

AT89C51-16QC 

AT89C51-16AI 

AT89C51-16JI 

AT89C51-16PI 

AT89C51-16QI 

AT89C51-16AA 

AT89C51-16JA 

AT89C51-16PA 

AT89C51-16QA 


44 
44 
40 
44 
44 
44 
40 
44 
44 
44 
40 
44 


TQFP 

PLCC 

PDIP 

PQFP 

TQFP 

PLCC 

PDIP 

PQFP 

TQFP 

PLCC 

PDIP 

PQFP 


5 V 
5 V 
5 V 
5 V 
5V 
5V 
5V 
5 V 
5 V 
5V 
5V 
5 V 


16 MHz 
16 MHz 
16 MHz 
16 MHz 
16 MHz 
16 MHz 
16 MHz 
16 MHz 
16 MHz 
16 MHz 
16 MHz 
16 MHz 


Commercial 

Commercial 

Commercial 

Commsitial' 

Industfltf' ■ - • 

Industrial 

Industrial 

Industrial 

Automotive 

Automotive 

Automotive 

Automotive 


4K 

4K 

4K 

4K 

4K 

4K 

4K'^ 

4 K 

4 K 

4 K 

4K 

4K 


3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 
3-33 


AT89C51-20AC 
AT89C51-20JC 
AT89C51-20PC 


44 
44 

40 
44 


TQFP 
PLCC 
PDIP 

PQFP 


5 V 
5 V 

5 V 

5 V 


20 MHz 
20 MHz 

20 MHz 

20 MHz 


Commercial 
Commercial 

Commercial 
Commercial 


4K 
4K 

4 K 

4 K 


3-33 
3-33 
3-33 
3-33 
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Product Index (continued) 



ran numDer 






tion 


MCUs 


Pins 


Package 


VCC 




TGmperaturs 


Flash 


Page 


AT89C51-20AI 


44 


TQFP 


5 V 


20 MHz 


Industrial 


4 K 


3-33 


AT89C51-20JI 


44 


PLCC 


5 V 


20 MHz 


Industrial 


4 K 


3-33 


AT89C51-20PI 


40 


PDIP 


5 V 


20 MHz 


industrial 


4 K 


3-33 


AT89C51-20QI 


44 


PQFP 


5 V 


20 MHz 


industrial 


4 K 


3-33 


AT89C51-24AC 


44 


TQFP 


5 V 


24 MHz 


Comnnerciai 


4K 


3-33 


AT89C51>-24JC 


44 


PLCC 


5V 


24 MHz 


Commercial 


4 K 


3-33 


AT89C5*-24PC 


40 


PDIP 


5V 


24 MHz 


CommeTCial 


4K 


a-33 


AT89CSt-24QC 


44 


PQFP 


5V 


24 MHz 


Commero'al 


4K 


3-33 f 


AT89C51-24AI 


44 


TQFP 


5V 


24 MHz 


Industrial 


4K 


3-33 


AT89C51-24JI 


44 


PLCC 


5V 


24 MHz 


Industrial 


4K 


3-33 


AT89C51-24PI 


40 


PDIP 


5 V 


24 MHz 


Industrial 


4K 


3-33 


AT89C51-24QI 


44 


PQFP 


5 V 


24 MHz 


industrial 


4K 


3-33 


AT89LV51-12AC 


44 


TQFP 


3 V 


12 MHz 


Commercial 


4 K 


3-49 


AT89LV51-12JC 


44 


PLCC 


3 V 


12 MHz 


Commercial 


4 K 


3-49 


AT89LV51-12PC 


40 


PDIP 


3 V 


12 MHz 


Commercial 


4K 


3-49 


AT89LV51-12QC 


44 


PQFP 


3 V 


12 MHz 


Commercial 


4K 


3-49 


AT89C52-12AC 


44 


TQFP 


5 V 


12 MHz 


Commeedsl 


8K 


3-65 


AT89C82-I2JC 


44 


PLCC 


5 V 


12 MHz 


Comntemial 


8K 


3-65 • 


AT89eS2-i;2PC 


40 


PDIP 


5V 


12 MHz 


Commercial 


8K 


3-65 


AT89C52-12QC 


44 


PQFP 


5V 


12 MHz 


Commercial 


8K 


3-65 


AT89C52-12AI 


44 


TQFP 


5V 


12 MHz 


Industrial 


8K 


3-65 


AT89C52-12JI 


44 


PLCC 


5 V 


12 MHz 


Industrial 


8 K 


3-65 


AT89C52-12PI 


40 


PDIP 


5 V 


12 MHz 


Industrial 


8K 


3-65 


AT89C52-12QI 


44 


PQFP 


5V 


12 MHz 


Industrial 


8K 


3-65 


AT89C52-12AA 


44 


TQFP 


5V 


12 MHz 


Automotive 


8K 


3-65 


AT89C52-12JA 


44 


PLCC 


5V 


12 MHz 


Automotive 


8K 


3-65 


AT89C52-12PA 


40 


PDIP 


5V 


12 MHz 


Automotive 


8K 


3-65 


AT89C52-12QA 


44 


PQFP 


5V 


12 MHz 


Automotive 


8K 


3-65 


AT89G52-12DM 


40 


CERDIP 


5V 


12 MHz 


Military 


8K 


3-65 


AT89eS2'l2LM 


44 


LCC 


5V . 


12 MHz 


Military ' 


8K 


3-65 - 


AT89C52-12DM/883 


40 


CERDIP 


5V 


12 MHz' 


Military 


8K 


3-65 


AT89C52-12LM/883 


44 


LCC 


5V 


12 MHz 


Military 


8K 


3-65 


AT89C52-16AC 


44 


TQFP 


5V 


16 MHz 


Commercial 


8K 


3-65 


AT89C52-16JC 


44 


PLCC 


5 V 


16 MHz 


Commercial 


8 K 


3-65 


AT89C52-16PC 


40 


PDIP 


5V 


16 MHz 


Commercial 


8K 


3-65 


AT89C52-16QC 


44 


PQFP 


5V 


16 MHz 


Commercial 


8 K 


3-65 


AT89C52-16AI 


44 


TQFP 


5V 


16 MHz 


Industrial 


8K 


3-65 


AT89C52-16JI 


44 


PLCC 


5 V 


16 MHz 


Industrial 


8 K 


3-65 


AT89C52-16PI 


40 


PDIP 


5V 


16 MHz 


Industrial 


8K 


3-65 


AT89C52-16QI 


44 


PQFP 


5V 


16 MHz 


Industrial 


8K 


3-65 


AT89C52-16AA 


44 


TQFP 


5V 


16 MHz 


Automotive 


8K 


3-65 


AT89C52-16JA 


44 


PLCC 


5V 


16 MHz 


Automotive 


8K 


3-65 


AT89C52-16PA 


40 


PDIP 


5V 


16 MHz 


Automotive 


8K 


3-65 


AT89C52-16QA 


44 


PQFP 


5V 


16 MHz 


Automotive 


8K 


3-65 


AT89C52-20AC 


44 


TQFP 


5V 


20 MHz 


Commercial 


8K 


3-65 


AT89C52-20JC 


44 


PLCC 


5V 


20 MHz 


Commercial 


8K 


3-65 


AT89C52-20PC 


40 


PDIP 


5V 


20 MHz 


Commercial 


8K 


3-65 


AT89C52-20QC 


44 


PQFP 


5V 


20 MHz 


Commercial 


8K 


3-65 



Product Index (continued) (bou/>jn c ; if; ; 1 



Part Number 




Descrlpl 


tion 


• 


- -•/' 






MCUs 


Pins 


Package 


vcc 


Speed 


Temperatute 


Flash 


Page 


AT89C52-20A1 


44 


TQFP 


5 V 


20 MHz 


Industrial 


8K 


3-65 


AT89C52-20JI 


44 


PLCC 


5 V 


20 MHz 


InduStdfeU 


8K 


3-65 


AT89C52-20PI 


40 


PDIP 


5 V 


20 MHz 


Industrial 


8 K 


3-65 


AT89C52-20QI 


44 


PQFP 


5 V 


20 MHz 


Industrial 


8 K 


3-65 


AT89CS2-24AC 


44 


TQFP 


5 V 


24 MHz 


Comnnsrclal 


8K 


3-65 


AT89C52-24JC 


44 


PLCC 


5 V 


24 MHz 


Commercial 


8 K 


3-65 


AT89C52-24PC 


40 


PDIP 


5 V 


24 MHz 


Commercial 


8 K 


3-65 


AT89C52-240C 


44 


PQFP 


5 V 


24 MHz 


Commercial 


8 K 


3-65 


AT89C52-24AI 


44 


TQFP 


5 V 


24 MHz 


Industrial 


8 K 


3-65 


AT89C52-24JI 


44 


PLCC 


5 V 


24 MHz 


Industrial 


8 K 


3-65 


AT89C52-24PI 


40 


PDIP 


5 V 


24 MHz 


Industrial 


8 K 


3-65 


AT89C52-24QI 


44 


PQFP 


5 V 


24 MHz 


Industrial 


8 K 


3-65 


AT89LV52-12AC 


44 


TQFP 


3 V 


12 MHz 


Comfnfi^al 

Wl ■ 11 1 1 Vf^lCU 


8 K 


3-87 


AT89LVS2-12JC 


44 


PLCC 


3 V 


12 MHZ' c 




8 K 


3^7 


AT89L\re2-12PC 


40 


PDIP 


3 V 


12 Ml^' r ' 


ComiflBfiiiyi 


8K 




AT89LVS2-1 2QC 


44 


PQFP 


3 V 


12 MHz 




SK 


3-87 


AT89Sfl952-1 2AC 


44 


TQFP 


3 V 


12 MHz 


Ctnmrrititr\si\ 

\^\Jt 1 II 1 Iwl wICtI 


8k 


3-109 


AT89S82';2- 1 2 JC 


44 


PLCC 


3 V 


12 MHz 


PnmmPrpial 

1 II 1 ih^iai 


8 K 


3-109 


r\ 1 0*700^0^- 1 ^ r O 




PDIP 


3 V 


12 MHz 


out 1 11 1 1Cl Wldl 


8 K 


3-109 


ATftQC;ft9^9-1 POP 


44 


PQFP 


3 V 


12 MHz 


Pnmmorr'ial 
v^kji I II 1 ici Lfiai 


8 K 


3-109 




44 


TQFP 


3 V 


12 MHz 


InHi iQtrial 
1 1 jtjLioii lai 


8 K 


3-1 09 


ATftQC;R9=^?-1 P II 

/A 1 0900£Q<^ 1 £.iJI 


44 


PLCC 


3 V 


12 MHz 


InHi iQtrifil 
11 lULioii lai 


8 K 


3-1 09 


AT89S8252-12PI 


40 


PDIP 


3 V 


12 MHz 


Industrial 


8K 


3-109 


AT89S8252-12QI 


44 


PQFP 


3V 


12 MHz 


Industrial 


8K 


3-109 


AT89S8252-24AC 


44 


TQFP 


5V 
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Arcttitectural Overview 



Features 

• 8-Bit CPU Optimized for Control Applications 

• Extensive Boolean Processing Capabltttfes (Slngle-Btt Logic) 

• On-Chip Flash Program Memory 

• On-Chip Data RAM 

• Bidirectional and Individually Addressable I/O Lines 

• Multiple 16-Bit Timer/Counter$'<^ i 

• Full Duplex UART I 

• Multiple Source/Vector/Priority Interrupt S^ciiiM} 

• On-Chip Clock Oscillator 

• On-chip EEPROM (AT89S series) 

• SPI Serial iui| ln^itajsS.^T.89S Series) . ^- 

• Watchdog Timfr(AT89S Series) 

The basic architectuitl structure of this AT89C51 f^te is shown in Figure 1. 

Block Diagram 

Figure 1. Block Diagram of the AT89C core " ^ 
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For more information on the individual devices and features, refer to the Hardware Descrip- 
tions and Data Sheets of the specific device. 1 . 
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Eigure 2. Block Diagram of the AT89S core 
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Architectural Overview 



Reduced Power Modes 

To exploit the power savings available in CMOS citpuitt};, At- 
mel's Flash microcontrollers have two software-invoi»d re- 

• Idle Mode. The QPU is turned off while the RAM and Mher 
on-chip peripherals continue operating. In this mode, current 
draw is reduced to about tS percent 6f Sie cotrent dttmi 
when the device is fully active. 

• Power Down Mode. All on-chip activities are suspended, 
while the on-chip RAM continues to hold its data. In this 
mode, the device typically draws less than 15 \xA, and can be 
as low as 0.6 [lA. 

In addition, these devices are designed using static logic, which 
does not require continuous clocking. That is, the clock fre- 
quency can be slowed or even stopped while waiting for an in- 
ternal event. v**a»»w 1 

Memory Organization 

Logical Separation of Program and Data 
iMeifiory 

All Atmel Flash microcontrollers have separate address spaces 
for program and data memory, as shown in Figure 3. The logical 
separation of program and data memory allows the data memory 
to be accessed by 8-bit addresses, which can be more quickly 
stored and manipulated by an 8-bit CPU. Nevertheless, 16-bit 
data memory addresses can also be generated through the DPTR 
register. 

Program memory can only be read. There can be up to 64K bytes 
of directly addressable program memory. The read strobe for 
extrana l program memory is the Program Store Enable signal 
(PSEN). 

Data memory occiq)ies a separate address space from program 
memory. Up to 64K bytes of external memory can be directly 
addressed in the external data memo ry sp ade. The CPU gener- 
ates read and write signals, RD and WR, during external data 
memory accesses. 

External program memory and e xternal data memory can be 
combined by applying the RD and PSEN signals to the inputs of 
an AND gate and using the output of the gate as the read strobe 
to tteextonalpro^am/data memory. 



Program Memory 

Figure 4 shows a map of the lower part of the program memory. 
After reset, the CPU begins execution ironi location OOOOH. 
As shown in Figure 4, each interrupt is assigned a fixed location 
in program memwy. Hie interrupt causes the CPU to jump to 
that location, whoe it executes the service routine. Bxtmal In- 
trarupt 0, for example, is assigned to location 0003H. If External 
Interrupt is used, its service routine must begin at location 
OOOSH. If the interrupt is not Used, its service location is avail- 
able as general purpose propam memory. { 



Figore 4. Program Memory 
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The interrupt service locations are spaced at 8-byte intervals: 
0003H for External Interrupt 0, OOOBH for Timer 0, 00I3H for 
External Interrupt 1, OOIBH for Timer 1, and so on. If an inter- 
rupt service routine is short enough (as is often the case in con- 
trol applications), it can reside entirely within that 8-byte inter- 
val. Longer service routines can use a jump instruction to skip 
over subsequent interrupt locations, if other interrupts are in use. 

The lowest addresses of program inemoiy can be either in the 
on-chip Flash or in an external memory. To make this selection, 
strap the External Access (EA )pin to either Vcc or GND. 
For example, in the AT89C51 with 4K bytes of on-chip Flash, if 
the EA pin is strapped to Vcc, program fetches to addresses 
QQOOH through OFFFH are directed to the mtemal Hash. Pro- 
gsni fetches to addresses lOOOH through FFFFH are directed to 
'ItMtattai memory. 

In the AT89C52 (8K bytes Flash), EA = Vcc selects addresses 
OOOOH through IFFFH to be internal and addresses 2000H 
through FFFFH to be external. 

If the EA pin is strapped to GND, all program fetches are di- 
rected to external memory. 

The read strobe to external memory, PSEN, is used for all extCT- 
nal pro gram fetches. Internal program fetches do not activate 
PSEN. 

The hardware configuration tbr external program execution is 
shown in Pigitre 5. itbte that 16 I/O lines (Ports and 2) are 
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dedicated to bus functions during exteraal program memory 
fetches. Port (PO in Figure 5) serves as a multiplexed ad- 
dress/data bus. It emits the low byte of the Program Counter 
(PCL) as an address and then goes into a float state while wait- 
ing for the arrival of the code byte from the program memory. 
During the time that the low byte of the Program Counter is 
valid on PO, the signal ALE (Address Latch Enable) clocks this 
byte into an address latch. Meanwhile, Port 2 (P2 in Figure 5) 
emits the high byte of the Program Counter (PCH). Then PSEN 
strobes the external memory, and the microcontroller reads the 
code byte. ir." 
Program memory addresses are always 16 bits wide, even 
though the actual amount of program memory used may be less 
than 64K bytes. External program execution sacrifices two of 
the 8-bit ports, PO and P2, to the fimction of addressing the pro- 
grammemoiy. • 

— I . f 'n 

Data Memory 

The right half of Figure 3 shows the internal and external data 
memory spaces available on Atmel's Flash microcontrollers. 
Figure 6 shows a hardware configuration for accessing up to 2K 
bytes of external RAM. In this case, the CPU executes from in- 
ternal Flash. Port serves as a multiplexed address/data bus to 
the RAM, and 3 lin es of Port 2 are used to page the RAM. The 
PPU generates RD and WR signals as needed during external 
KAM, accesses. 

Figure 6. Accessing external data memory. If the program 
memory is internal, the other bits of P2 are available as I/O. 
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You can assign up to 64K bytes of external data memory. Exter- 
nal data memory addresses can be either 1 or 2 bytes wide. One- 
byte addresses are often used in conjunction with one or more 
other 1/0 lines to page the RAM, as shown in Figure 6. Two- 
byte addresses can also be used, in which case the high address 
byte is emitted at Port 2. 

Figure?. Interna! Data Memory 
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Interna] data memory is shown in Figure 7. The memory space 
is divided into three blocks, which are generally referred to, as 
the Lower 128, the Upper 128, and SFR space. 
Internal data memory addresses are always 1 byte wide, which 
implies an address space of only 256 bytes. However, the ad- 
dressing modes for internal RAM can in f act accommodate 384 
bytes. Direct addresses higher than 7FH access one memory 
space, and indirect addresses higher than 7FH access a different 
memory space. Thus. Figure 7 shows the Upper 128 and SFR 
space occupying the same block of addresses. 80H tfuxAlgh 
FFH, although they are physically .separate entities. 

'v^i ^y^^ °^ Internal RAM 
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Figure 8 shows how the lower 1 28 bytes of RAM are mapped. 
The lowest 32 bytes are grouped into 4 banks of 8 registers. Pro- 
gram instructions call out these registers as RO through R7. Two 
bits in the Program Status Worti (P.SW) select which icgister 
bank is in use. This architecture allows more efficient use of 
code space, since register instructions are shorter than insffuc- 
tions that use direct addressing. 
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The next 16 bytes above the register banks form ^ bjcxjlj of f)it- 
addressable memory space. The microcontroller instruction set 
includes a wide selection of single-bit instructions, and these in- 
structions can directly address the 128 bits in this area. These bit 

addresses are OOH through 7FH. 

All of the byles in the Lower 1 28 can be accessed by either direct 
or indirect addressing. The Upper 128 (Figure 8) can only be 
accessed by indirect addressing. The Upper 128 bytes of RAM 
are only in the devices with 256 bytes of RAM. 
Figure 10 gives a brief look at the Special Function Register 
(SFR) space. SFRs include Port latches, timers, peripheral con- 
trols, etc. These registers can only be accessed by direct address- 
ing. In general, all Atmel microcontrollers have the same SFRs 
at (he same addresses in SFR space as the AT89C5 1 and other 
compatible microcontrollers. HoWey^, ^pgpl|te» to the 
AT89C51 have additional SFRs. 

Sixteen addresses in SFR space are both byte- and bit-address- 
able. The bit-addressable SFRs are those whose address ends in 
OCXffi. The bit addresses in this area are 80H through FPH. 
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The Instruction Set 

All members of the Atmel microcontroller family execute the 
same instruction set. This instruction set is optimized for 8-bit 
control applications and it provides a variety of fast addressing 
modes for accessing the internal RAM to facilitate byte opera- 
tions on small data structures. The instruction set provides ex- 
tensive support for 1 -bit variables as a separate data type, allow- 
ing direct bit manipulation in ooHtrol Md logic systems that re- 
quire Boolean processing. 

The following overview of the instruction set gives a toief <fc- 
scription of how certain instructions can be used. 

Program Status Word 

The Program Status Word (PSW) coitGiias StaM M n^eet 
the ctirrent stale of the CPU. The Ppl, iimm in 11, 
resides in SFR space. The PSW conisawteCtey bit. teAnx- 
iliary Carry (for BCD (derations). Die twoi-n^lKei %tHt Meet 
bits, die Overflow flag, a Parity bit, tend two nsra-d^ttable 
status flags. 

The Carry bit, in addition to serving as a Carry bit in arithmetic 
operations, also serves as the "AccumulatcH" for a nantbw of 
Boolean operations. 

The bits RSO and RSI select one of the four register banks 
shown in Figure 8. A number of instructions refer to these RAM 
locations as RO through R7. The status of the RSO and RS 1 bits 
at execution time determines which of the four banks is selected. 
The Parity bit reflects the number of Is in the Accumulator: 
P = 1 if the Accumulator contains an odd number of Is, and 
P = if the Accumulator contains an even number of Is. Thus, 
the number of Is in the Accumulator plus P is always even. 
Two bits in the PSW are uncommitted and can be used as gen- 
eral purpose status flags. 



Addressing Modes 

The addressing modes in the Flash microcontndler' instntciion 

set are as follows. 

Direct Addressing 

In direct addressing, the operand is specified by an 8-bit address 
field in th^ instruction. Only internal data RAM and SFRs can 
be Aet^y^iMiffised. 

indlreet WliMM^ ; : 

In indirect aMessing, the instruction specifies a register that 
contains the address of the operand. Botii internal and external 
RAM can be indirectfy addressed. 

The address regist^ for g-btt addresses can be either the Stack 
Pms^a or RO or Rl of the selected register bank. The address 
reg^sto' for 16-bit addresses can be only the 16-bit data pointer 
register, DPTR. 

Register Instructions 

The register banks, which contain registers RO through R7, can 
be ^xessed by instructions whose opcodes carry a 3-bit register 
specification. Instructions that access the registers this way 
make efficient use of code, since this mode eliminates an ad- 
dress byte. When the instruction is executed, one of the eight 
registers in the selected bank is accessed. One of four banks is 
selected at execution time by the two bank select bits in the 
PSW. 

Register-Specific instructions 

Some instructions are specific to a certain register. For example, 
some instructions always operate on the Accumulator, so no ad- 
dress byte is needed to point to iL In these cases, the opcode 
itself points to the correct re^sler. Instructions that refer to the 
Accumulator as A asseiiiMe as Accumulator-specific opcodes. 
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Immediate Constants 

The value of a oonstant can follow the opcode in program mem- 
ory. For example, 
MOV A, #100 

loads the Accumulator with the decimal number 100. The same 
number could be specified in hex digits as 64H. i _ 

Indexed Addressing 

Program memory can only be accessed via indexed addressing. 
This addressing mode is intended for reading look-up tables in 
program memory. A 16-bit base register (either DFTR or the 
Program Counter) points to the base of the table, and the Accu- 
mulator is set up with the table entry number. The address of the 
table entry in program memory is formed by adding the Accu- 
mulator data to the base pointer. 

Another type of indexed addressing is used in the "case jump" 
instruction. In this case the destination address of a jump instruc- 
tion is computed as the sum of the base pointer and the Accumu- 
lator data. 

Arithmetic instructions 

The menu of arithmetic instructions is listed in Table 1 . The ta- 
ble indicates the addressing modes that can be used with each 
instruction to access the <byte> operand. For example, the ADD 
A, <byte> instruction can be written as folio ws: — 

ADD A,7FH (direct addressing) 

ADD A,@RO (indirect addressing) 

ADD A,R7 (register addressing) 

ADD A, #127 (immediate constant) 



The execution times listed in Table 1 assume a 12 MHz clock 
frequency. All of the arithmetic instructions execute in 1 [is ex- 
cept the INC DFTR instruclion, v<.'hich taltes 2 fis, and the Mul- 
tiply and Divide instructions, which take 4 jts. 
Note that any byte in the internal data memory space esi be 
incremented or decremented without using the Accumulator. 
The INC DPTR instruction operates on the 16-bit Data Pointer. 
The Data Pointer generates 16-bit adtlresses for external mem- 
ory, so the ability to be incremented in one 16-bit operation is a 
usefiil feature. 

The MUL AB instruction multiplies the Accumulator by the 
data in the B register and puts the 16-bit product into the con- 
catenated B and Accumulator registers. 

The DIV AB instruction divides the Accumulator by the data in 
the B register and leaves the 8-bit quotient in the Accumulator 
and the 8-bit remainder in the B register. 
Note: DIV AB is less useful in arithmetic "divide" routines 
than in radix conversions and programmable shift op- 
erations. In shift operations, dividing a number by 2" 
shifts its n bits to the right. Using DIV AB to perform 
the division completes the shift in 4 ^ and leaves the 
B register holding the bits that were shifted out. 
The DA A instruction is for BCD arithmetic operations. In BCD 
arithmetic, ADD and ADDC instructions should always be fol- 
lowed by a DA A operation, to ensure that the result is also in 
BCD. Note that DA A will not convert a binary numbra-fir BCD. 
The DA A operation produces a meatiiligful result only as the 
second step in ttie addition of two BCD bytes. 



Table JL A List of Atmel Microcontroller Arithmetic Instructions 



Mnemonic 


Operation 


Addressing Modes 


Execution 
Tiine(^s) 


Dir 


Ind 


Reg 


Imm 


ADD A, <byte> 


A = A + <byte> 


X 


X 


X 


X 


1 


ADDCA, <byte> 


A = A + <byte> + C 


X 


X 


X 


X 


1 


SUBB A, <byte> 


A = A - <byte> - 


X 


X 


X 


X 


1 


INC A 


A = A+ 1 


Accumulator only 


1 


INC <byte> 


<byte> = <byte> + 1 


X 


X 


X 




1 


INC DPTR 


DPTR = DPTR + 1 


Data Pointer only 


2 


DEC A 


A = A-1 


Accumulator only 


1 


DEC <byte> ,„ 


<byte> = <byte> - 1 


X 


X 


X 




1 


MUL AB 


B:A = 8 X A 


ACC and B only 


4 


DIV AB 


A = Int [A/B] 
B = Mod [A/B] 


AGO and B only 


4 


DA A 


Decimal Adjust 


AcGuinulator only 


1 
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Table 2. Logical Instructions 



Mnemonic 


Operation 


Addressing Modes 


Execution 


Dir 


Ind 


Reg 


Imm 


TimeOis) 


ANL A,<byte> 


A = A .AND. <byte> 


X 


X 


X 


X 


1 


ANL <byte>,A 


<byte> = <byte> .AND. A 


X 








1 


ANL <byte>,#data 


<byte> = <byte> .AND. #data 


X 








2 


ORL A, <byte> 


A = A .OR. <byte> 


X 


X 


X 


X 


1 


ORL <byte> ,A 


<byte> = <byte> .OR. A 


X 








1 


ORL <byte>,#data 


<byte> = <byte> .OR. #data 


X 








2 


XRL A, <byte> 


A = A .XOR. <byte> 


X 


X 


X 


X 


1 


XRL <byte>,A 


<byte> = <byte> .XOR. A 


X 








1 


XRL <byte>, #data 


<byte> = <byte> .XOR. #data 


X 








2 


CRL A 


A = OOH 


Accumulator only 


1 


CPL A 


A = .NOT. A 


Accumulator only 


1 


RL A 


Rotate AGO Left 1 bit 


Accumute^ only 


1 


RLC A 


Rotate Left through Carry 


Accumulator only 


1 


RR A 


Rotate ACC Right 1 bit 


Accumulator only 


1 


RRC A 


Rotate Rigbt through Garry 


Accumulator only 


1 . . 


SWAPA 


SwB^tlililafeles in A 


Accurnulator eri^ 





Logical Instructions 

Table 2 show.s the Alniel Flash microconlroller logical instruc- 
tions. The instructions that perform Boolean operations (AND, 
OR, Exclusive OR, NOT) on bytes operate on a bit-by-bit basis. 
Tliat is, if the Accumulator contains OOllOlOlB and <byte> 
contains 0101001 IB, dien 
ANL A, <byte> 

leaves the Accumulator holding OOOIOOOIB, ~ ' 
Table 2 also lists the addressing modes that can be' used to access 
the <byte> operand. Thus, the ANL A, <byte> insiiuction may 
take any of the following forms. ^ 

ANL A,7FH (direct addressing) 

ANL A,@R1 (indirect addressing) 

ANL A,R6 (register addressing) 

ANL A, # 53H (immediate constant) 
All of the logical instructions that are Accumulator-specific exe- 
cute in 1 \is (using a 12 MHz clock). The others lake 2 (js. 
Note that Boolean operations can be performed on any byte in 
the lower 128 internal data memory space or the SFR space us- 
ing direct addressing, without using the Accumulator. The XRL 
<byte>, #data instruction, for example, offers a quicic and easy 
way to invert port bits, as in the following example, 

XRL P1,#0FFH 
If the operation is in response to an interrupt, not using the Ac- 
pumulator saves the time required td stack it in the service reur 



lltt ItMB ilis|F|gi0@iwl!H»:A»iiibC A, etc.) Shift the Accumu- 
tew I to tte |#iec»^ For a left rotation, the rolls 
isOb fl« LSB ^e^tieie'Pci' a iigfatrotation, the Least SigniScant 
Bit (LSB) rolls into the Most Significant Bit (MSB) position. 
The SWAP A instruction interchanges the high and low nibbles 
within the Accumulator. This exchange is useful in BCD ma- 
nipulations. For example, if the Accumulator contains a binary 

thetollowingckMle (sin 
quict^conwsrt It to Bro."^ "~ "" '"' 

MOV B,#10 

DIV AB 

SWAP A 

ADD A,B 

Dividing the number by 10 leaves the tens digit in the low nibble 
of the Accumulator, and the ones digit in the B register. The 

Data Transfers 

Internal Ram 

Table 3 shows the menu of instructions and associated address- 
ing modes that are available for moving data within the internal 
memory spaces. With a 12 MHz cloclc. alljof these instructions 
execute in either 1 or 2 (is. 

The MOV <dest>' , <src> instruction allows data to be trans- 
ferred between any two internal RAM or SFR locations without 
going through the Accumulator. 
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Table 3. Data Transfer bstnictif^ns that Access ■btemat' Memory Space 



Mnemonic 


Operation 


Addressing Modes 


Execution 
Time bis) 


Dir 


Ind 


n<sy 




IVIV<' V rt, ^oH/-^ 


A <src> 


X 


X 


X 


X 


1 


MOV <dest> ,A 


<dest> = A 


X 


X 


X 




1 


MOV <dest>, <src> 


<dest> = <sre> 


X 


X 


X 


X 


2 


MOV DPTR,#data16 


DPTR = 16-bit immediate constant. 








X 


.2 


PUSH <sro 


INC SP : MOV "@SP",<src> 


X 








2 


POP <dest> 


MOV <dest> , "@SP" ; DEC SP 


X 








2 


XCH A,<byte> 


ACC and <byte> exchange data 


X 


X 


X 




, 1 


XCHDA,eRi 


ACC and @Ri exchange low nibbles 




X 






1 ^ 



Note that in all Atmel Flash microcontroller devices, the stack 
resides in on-chip RAM and grows upwards. The PUSH instruc- 
tion first increments the Stack Pointer (SP), then copies the byte 
into the stack. PUSH and POP use only direct addressing to 
identify the byte being saved or restored, but the stack itself is 
accessed by indirect addressing using the SP register. This 
means the stack can go into the Upper 128, if they are imple- 
mented, but not into SITl space. 

In devices that do not implement the Upper 128, if the SP points 
to the Upper 128, PUSHed bytes are lost, and POPped bytes are 

indeterminate. 

The Data Transfer instructions include a 16-bit MOV that can 
initialize the Data Pointer (DPTR) for look-up tables in program 
memory or for 16-bit external data memory accesses. 
The XCH A, <byte> instruction exchanges the data in the Accu- 
mulator and the addressed l>yte. The XCHD A,@Ri instruction 
is similar, but only the low nibbles are exchanged. 

F%U!ie l2. Shifting a BCD Number Two Di^ts to the Right 





2A 


2B 


2C 


2D 


2E 


ACC 


MOV A,2EH 


00 


12 


34 


56 


78 


78 


MOV 2EH;12DH 


00 


12 


34 


56 


56 


78 


MOV 2DH,2CH 


00 


12 


34 


34 


56 


78 


MOV 2CH,2BH 


00 


12 


12 


34 


56 


78 


MOV 2BH.#0 


00 


00 


12 


34 


56 


78 


(a) Using. direc^.MOVs: 14 bytes, 9 ^is 








2A 


2B 


2C 


2D 


2E 


ACC 


CLR A 


00 


12 


34 


56 


78 


00 


XCH A,2BH 


00 


00 


34 


56 


78 


12 


XCH A,2CH 


00 


00 


12 


56 


78 


34 


XCH A,2DH 


GO 


00 


12 


34 


78 


56 


XCH A,2EH 


00 


00 


12 


34 


56 


78 


(b) Using XCHs: 9 bytes, 5 us 











To see how XCH and XCHD can facilitate data manipulations, 
consider the problem of shifting an 8-digit BCD number two 
digits to the right. Figure 1 2 compares how direct MOVs and 
XCH instructions can do this operation. The contents of the reg- 
isters that hold the BCD number and the content of the Accumu- 
lator are shown along side each instruction to indicate their 
status after the instruction executes. 

After the routine executes, the Accumulator contains the two 
digits that were shifted to the right. Using direct MOVs requires 
14 code bytes and 9ns of execution time (under a 12 MHz 
clock). Using XCHs for the same operation requires less code 
and executes almost twice as fast 

To right-shift by an odd number of digits, a o&i^git'ShSft mu^ 
be executed. Hgute 13 shows a sample tst Bdde>diittii^.^^UiS 
a BCD number one digit, amngt lhe XC^ iastnictioD. - 
In this example, pointers Rl an^ RO {joint tb the two bytes con- 
taining the last four BCD digits. Then a loop leaves the last byte, 
location 2BH, holding the last two digits of the shifted number. 
The pointers are decremented, and the loop is repeated for loca- 
tion 2DH. 

Note: The CJNE instruction (Cpmpare and Jump if Not Equal) 

is a loop control that iMIl be descril>ed later. 
The loop is executed from LOOP to CJNE for Rl = 2EH, 2DH, 
2CH and 2BH. At that point, the digit that was originally shifted 
out on the right has propagated to location 2AH. Since that loca- 
tion |S|ipuld be left with Os^the.lost d^t is.|nove^ to the Accu- 
mulator, .i 1 
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Figure 13. Shifting a BCD Number One Digit to the Right Table S. LaxMop 15*tt8» Read Instructions 





2A 


2B 


2C 


2D 


2E 


ACC 


MOVR1,#2EH 


00 


12 


34 


56 


78 


XX 


MOV R0,#2DH 


00 


12 






m 


m 


loop for R1 = 2EH: 














LOOP:MOVA,@R1 


00 


12 


34 


56 


78 


78 


XCHD A,@RO 


00 


12 


34 


58 


78 


76 


SWAP A 


00 


12 


34 


58 


78 


67 


MOV @R1,A 


00 


12 


34 


58 


67 


67 


DEC R1 


00 


12 


34 


58 


67 


67 


DEC RO 


00 


12 


34 


58 


67 


67 


. CJNER1,#2AH,L00P 












loop for R1 = 2DH: 


00 


12 


38 


45 


67 


45 


loop for R1 = 2CH: 


00 


18 


23 


45 


67 


23 


loop for R1 = 2BH: 


08 


01 


23 


45 


67 


01 


CLRA 


08 


01 


23 


45 


67 


00 


XCH A,2AH 


00 


01 


23 


45 


67 


08 



External Ram 

^nUe 4 lists the Data Transfer instructions that access external 
data memory. Only indirect addressing can be used. Either a 
one-byte address, @Ri, where Ri can be either RO or Rl of the 
selected register bank, or a two-byte address, @DPTR, can be 
used. The disadvantage of using 16-bit addresses when only a 
few Kbytes of external RAM are involved is that 16-bit ad- 
dresses use all 8 bits of Port 2 as address bus. On the other hand, 
8-bit addresses allow a few Kbytes of RAM to be used wi^ 
sacrificing ^ of Part 2, as shown in Figure 6, 

All of ftese insBm:tioas execiiteia 2pitlrtA^sMliii|!^e^' 



Table 4. Data Transfer Instructions that Access External 
Data Memory 



Address 
Width 


Mnemonic 


Operation 


Execution 
Time (us) 


8 bits 


MOVXA,@Ri 


Read external 
RAM @Ri 


2 


8 bits 


MOVX @Ri,A 


Write external 
RAM @RI 


2 


16 bits 


MOVX A, 

@DPTR 


Read external 
RAM ODPTR 


2 


16b^ 


MOVX 
©DPTR^ 


Write external 
RAM 9aPf R 


2 



Mnemonic 


Operation 


Execution 
Time (|is) 


MOVCA,@A+DPTR 


Read Pgm 

Memory at 
(A + DPTR) 


2 


MOVC A,@A + PC 


Read Pgm 
Memory at 
(A+PC) 


2 



Note ttat in all external Data RAM accesses, the Accumulator is 
always either the destination or source of the data. 
The read and write strobes to external RAM are activated only 
during the execution of a MOVX instruction. Normally these 
signals are inactive, and if they are not going to be used at all, 
their pins are available as extra I/O lines. 

Lookup Tables 

Table 3 shows the two instructions that are available for reading 
lookup tables in program memory. Since these instructions ac- 
cess only program memory, the lookup tables can only be read, 
not updated. The mnemonic for "move constant" is MOVC. 
If the tab le acce ss islq<ext»pal^i!eg!^ memoiy, then the read 
strobe is PSEN. 

The first MOVC instruction in Table 5 can accommodate a table 
of up to 256 entries, numbered through 255. The number of the 
desired entry is loaded into the Accumulator, and the Data 
Pointer is set up to point to beginning of the table. Then the fol- 
lowing instru^l^'^^i^^^^^^ired table entry into the i^cca- 
mulator. 

MOVC A, @A+OTTR ' 
The oftGB^t|pl9^Mi#ti^'works the same v/ay, except the 



Proi 

through a sul 
loaded into' 
called. 




lie tose, and the taUe is accessed 
flje number of the desired entry is 
I and the following subroutine is 



MOV A,ENTRY_NUMBER 

CALL TABLE 

The subroutine TABLE would look like the following example. 
TABLE: MOVCA,@A + PC 
RET 

The table itself immediately follows the RET (return) instruc- 
tion in program memory. This type of table can have up to 255 
entries, numbered 1 through 255. Number can not be used, 
because at the time the MOVC instruction is executed, the PC 
contains the address of the RET instruction. An entry numbered 
would be the RET opcode itself. 
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Boolean Instructions 

Atmel's Flash microcontrollers contain a complete Boolean 
(single-bit) processor. The internal RAM contains 128 address- 
able bits, and the SFR space can support up to 1 28 other address- 
able bits. All of the port lines are bit-addressable, and each one 
can be treated as a separate single-bit port. The instructions that 
access these bits are not just conditional branches, but a com- 
plete menu of move, set, clear, complement, OR, and AND in- 
structions. These kinds of bit operations are not easily obtained 
in other architectures with any amount of byte-oriented soft- 
ware. 



Table 6. Boolean Instructions 



Mnemonic 


Operation 


Execution 
Time (us) 


ANL C.bit 


C = C .AND. bit 


2 


ANL C,/bit 


C = C .AND. .NOT.bit 


2 


ORL Cbit 


C = C .OR. bit 


2 


ORL C,/blt 


C = C .OR. .NOT. bit 


2 


MOV Cbit 


C = bit 


1 


MOV bit,C 


bit = C 


2 


CLR C 


C = 




CLR bit 


bit = 




SETBC 


C = 1 




SETS bit 


bit = 1 




CPL C 


C = .NOT. C 




CPL bit 


bit =. NOT. bit 




JC rel 


Jump if C = T 


2 


JNC rel 


Jump if C = 


2 


JB blt,rel 


Jump If bit = 1 


2 


JNB - bit,rel 


Jump if bit = 


2 


tJ|C bit,rel 


Jump if bit = 1; CLR bit 


2 



The instruction set for the Boolean processor is shown in Table 
6. All bit accesses are by direct addressing. Bit addresses OOH 
through 7FH are in the Lower 128, and bit address^ 80M 
through FFH are in SFR space. 

The following example Shows. hQW easily an int^al flag (^ te 
moved to a port pin. 

MOV CFLAG 

MOV P1.0,C 
In this example, FLAG is the name of any addressable bit in the 
Lower 1 28 or SFR space. An I/O line (the LSB of Port 1 , in this 
case) is set or cleared depending on whether the flag bit is 1 or 
0. 

The Carry bit in the PSW is used as the single-bit Accumulator 
of the Boolean processor. Bit instructions that refer to the Carry 
bit as C assemble as Carry-specilic mstructions (CLR C, etc). 
The Carry bit also has a direct address, since it resicles in the 
PSW register, which is bit-addressable. 



The Boolean instruft^on set includes Al!lL wid. ORL, but not the 
XRL (Exclusive OR) operatioa. toplementingXRL in software 
is simple. Suppose, for example, that an agplics^pn requires the 
Exclusive OR of two bits. 

C = bitl .XRL. bit2 
The software to do this operation could be as follows. 
MOVCbitl 
JNB bit2,0VER 
CPLC 

OVER (continue) 
First, bitl ismoved to the Carry; If bifi =-i9, then G now contains 
the correct result. That is, bitl .XRL. bit2 = bitl if bit2 = 0. On 
the other hand, if bit2 = 1, C now contaitK the complement of 
the cotreel result. C CARRY need only be tevenedl^eW. C|-to 
complete the operation. 

This code uses the JNB instruction, one of a series of bit-test 
instructions which execute a jump if the addressed bit is set (JC, 
JB, JBC) or if the addressed bit is not set (JNC, JNB). In the 
above case, bit2 is being tested, and if bit2 = 0, the CPL C in- 
struction is jumped over. 

If the addressed bit is set, JBC executes the jump and also clears 
the bit. Thus, a flag can be tested and cleared in one operation. 
All the PSW bits are directly addressable, so the Parity bit, or the 
general purpose flags, for example, are also available to the bit- 
test instructions. 

Relative Offset 

The destination address for these jumps is specified to the as- 
sembler by a label or by an actual address in program memory. 
However, the destination address assembles to a relative offset 
byte. This is a signed (two's complement) offset byte that is 
added to the PC in two's complement arithmetic if the jump is 
executed. 

The range of the jump is therefore -128 to -1-127 program mem- 
ory bytes relative to the first byte following the instruction. 

Jump Instructions 

Table 7 shows the list of unconditional jumps. 



Table 7. Unconditional Jumps in Flash Microcontrollers 



Mnemonic 


Operation 


Execution 
Time (us) 


JMP addr 


Jump to addr 


2 


JMP @A+DPTR 


Jump to A-i-DPTR 


2 


CALL addr 


Call subroutine at addr 


2 


RET 


Return from 
subroutine 


2 


RETI 


Return from interrupt 


2 


NOP 


No operation 


1 



Table 8. CondiiionalMii^innashMicnicbhtrolleis 



Mriembnic 




Addressing Modes 


Execution 
Time (lis) 


Dir 


Ind 


Reg 


Imm 


JZ rel 


JumpifA = !>.-.< 


• Aiieamulatoronly 


, ,,,.2 


JNZ rel 


Jump if A ?i 


Accumulator only 


2 


DJNZ <byte> , rel 


Decrement and jump if not zero 


X 




X 




2 


CJNE A, <byte> ,rel 


Jump if A* <byte> 


X 






X 


2 


CJNE <byte> ,#data,rel 


Jump if <byte> * #data 




X 


X 




2 



Table 7 lists a single JMP addr instruction, but in fact there are 
three— SJMP, UMP and AJMP— which differ in the format of 
the destination address. JMP is a generic mnemonic ttiat can be 
used if the programmer does not care which way the jump is 
encoded. 

The SJMP instruction encodes the destination address as a rela- 
tive offset, as described above. The instruction is 2 bytes long, 
consisting of the opcode and the relative offset byte. The jump 
distance is limited to a range of -128 to +127 bytes, relative to 
the instruction following the SJMP. 

He UMP instruclion encodes the destination address as a 16- 
bit constant. The in.struction is 3 bytes long, consisting of the 
opcode and two address bytes. The destination address can be 
anywhere in the 64K program memory space. 
The AJMP instruction encodes the destination address as an 11- 
bit constant. The instruction is 2 bytes long, consisting of the 
opcode, which itself contains 3 of the 1 1 address bits, followed 
by another byte containing the low 8 bits of the destination ad- 
dress. When the instruction is executed, these 1 1 bits are simply 
substituted for the low 11 bits in the PC. The high 5 bits stay the 
same. Hence, the destination has to be within Aes^Be2K^q^ 
as the instruction following the AJMP. 

In all cases, the progranuner specifies the destination address to 
the assembler the same way: as a label or as a 16-bit constant. 
The assembler puts the destination address into the correct for- 
mat for the given instruction. If the format required by the in- 
struction does not support the distance to the specified destina- 
tion address, a "Destination out of range" message is written into 
the List file. 

The JMP @A+DPTR instruction supports case jumps. The des- 
tinadon address is computed at execution time as the sum ol the 
16-bit DPTR register and the Accumulator. Typically, DPTR is 
set up with the address of a jump table, and the Accumulator is 
given an index to the table. In a 5-way branch, for example, an 
integer through 4 is loaded into the A(jMMI^K''rhe code to 
be executed might be as follows. 

MOV DPTR,#JU»0>_TABLE 

MOV A,INDEX_NUMBER 

RL A 

JM£_. @A+DPTR 



The RL A instruction converts the index number (0 through 4) 
to an even number in the range O.through 8, because each entry 
in the jumplable is 2 bytte lofig, as ibown in the following ex- 
ample. ' ' 



§IMP. 



.TABLE: 
AJMP 

AJMP 
AJMP 
AJMP 
AJMP 



CASE_ 
CASE_ 
CASE_ 
CASE_ 
CASE_ 



Table 8 shows a single CALL addr instruction, but there are two 
CALL instructions — LCALL and ACALL — which differ in the 
format in which the subroutine address is given to the CPU. 
CALL is a generic mnemonic that can be used if the programmer 
does not care which way the address is encoded. 
The LCALL instruction uses the 1 6-bit address format, and the 
subroutine can be anywhere in the 64K program memory space. 
The ACALL instruction uses the 11-bit format, and the subrou- 
tine must be in KBltl^ IK block as-the instruction following 
the ACALL. 

In any case, the programmer specifies the subroutine address 
the assembler the same way: as a label or as a 16-bit constant 
The assembler puts the address into, the correct fonnal.'^ the 
.given insdiKtians. ^ 

>SuhrwiReJ^teS^^^4i#'di a ftET instruction, which cettas 
execution to the instruction following the CALL. 
RETI is used to return from an interrupt service routine. The 
only difference between RET and RETI is that RETI tells die 
interrupt conu-ol system that the interrupt in progress is finished. 
If no intoTupt is in progress at the time RETI is executed, Ihisn 
the'RETI is functionally identical t6 RET. 
Table 8 shows the list of conditional jumps available. All of 
these jumps specify the destination address by the relative offset 
method and so are limited to a jump distance of -128 to +127 
bytes from the instruction following the conditional jump in- 
struction. However, the user specifies to the assembler the actual 
destination address the same way as the other jumps: as a label 
or a 16-bit constant. 

There is no bit in the PSW. The JZ and JNZ instructions test 
the Accumulator data for that condition. 
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The DJNZ instruction (Decrement and Jump if Not Zero) is for 
loop control. To execute a loop N times, load a counter byte with 
N and terminate the loop with a DJNZ to the beginning of the 
loop, as shown below for N = 10. 

MOV COUNTER,#10 
LOOP: (begin loop) 



(end loop) 

DJNZ COUNTERJ-OOP 

(continue) 

The CJNE instruction (Compare and Jump if Not Equal) can 
also be used for loop control, as shown in Figure 13. Two bytes 
are specified in the operand field of the instruction. The jump is 
executed only if the two bytes are not equal. In the example of 
Figure 13, the two bytes were the data in Rl and the constant 
2AH. The initial data in Rl was 2EH. Every time the loop was 
executed, Rl was decremented, and the looping continued until 
the Rl data reached 2AH. 

Another application of this instruction is in "greater than, less 
than" comparisons. The two bytes in the operand field are taken 
as unsigned integers. If the first is less than the second, then the 
Cany bit is set (I). If the first is greater than or equal^to the 
second, then the Carry bitis deued. ' — 



Figure ISa. Oscillator Connections 



-J 



CPU Timing 

All Atmei Flash microcontroUeis have an on-chip oscillator, 
which can be used as the clock source for the CPU. To use the 
on-chip oscillator, connect a crystal or ceramic resonator be- 
tween the XTALl and XTAL2 pins of the microcontroller, and 
connect the csf)acitois to ground as shown in Figure 14. 
Examples of how to drive tiie clock with an external oscillator 
are shown in Figure ISb. 

The internal clock generator defines the sequence of states that 
nuke vp die niiciocontroller machine cycle. . 



Fignral4. Using the On-Chip Oscillator 



MICR0C0NTTWLLH1 



QUARTZ CRYSTAL - 
OR CERAMIC 
FESONATOR 





)aAL2 










XTALl 










QND 




XTAl^ 



XTALl 



GND 



Figure 15b. External Clock Drive Configuration 



NC 



i I 
. ' J 



EXTERNAL 
OSCILLATOR 
SIGNAL 



r 



XTAL2 



XTAL1 



GND 



IMachine Cycles 

A machine cycle consists of a sequence of 6 states, numbered SI 
through S6. Each state time lasts for two oscillator periods. 
Thus, a machine cycle lasts 12 oscillator periods or 1 |is if the 

oscillator frequency is 12 MHz. 

Each state is divided into a Phase I half and a Phase 2 half Fig- 
ure 16 shows the fetch/execute sequences in states and phases 
for various kinds of instructions. Normally two program fetches 
are generated during each machine cycle, even if the instruction 
being executed does not require it. If the instruction being exe- 
cuted does not need more code bytes, the CPU ignores the extra 
fetch, and the Program Counter is not incremented. 
Execution of a one-cycle instruction (Figure 16A and B) begins 
during State 1 of the machine cycle, when the opcode is latched 
into the Instruction Register. A second fetch occurs during S4 of 
the same machine cycle. Execution is complete at the end of 
State 6 of this machine cycle. 

The MOVX instructions take two machine cycles to execute. No 
pto^am tedi is gsnoated diving Hie second cycle of aMOVX 
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instruction. This is the only time program fetches are skipped. 
The fetch/execute sequence for MOVX instructions is shown ia 
Figure 16(D). 

The fetch/execute sequences are the same whether the program 
memory is internal or external to the chip. Execution times do 
not depend on whether the prog^ memoi^ is int^tul f»d«v 
nal. 

Figure 17 shows the signals and timing involved in program 
fetches when the program memory is external. If p rogram mem- 
ory is external, the program memory read strobe PSEN is nor- 
mally activated twice per machine cycle, as shown in Fig- 
ure 17(A). 



Figure 16, State Sequences in Atmel Flash Microcontrollers 



If an acces s to ext ernal data memory occurs, as shown in Figure 
l^B^^ro^^N^^e^^^^^cause the address and data bus 

A data memei^ bus C|i^ taUM'twice as much time as a program 
memory bte «fd«t '^l^iili^Aov/s the relative timing of the 
addcewMS enMed «t FMs and 2 and of ALE aiid PSEN. 
AliBliielliM die lew addKSs from PO into the address latch. 
When the CPU is executing firom internal program memory, 
PSEN is not activated, and program addresses ate not emitted. 
However, ALE cotttini^es to be activated twice per machine cy- 
cle and is theiefoie avulable as a clock output signal. Note, 
however, that oae ALE is sk^pcd dnritag die execution of the 
MOVXinstiU^feJ'^''' ""•f ^TC"'" i"' 

»i<VI«Wj.?!n' ilvJ :i" . s I. 

! ■ alqi»ir« S(U ■■ , -I 



osc. 

PCTALZ) 



S1 
PI P2 



S2 
P1 P2 



S3 
PI P2 



84 
P1 P2 



85 
P1 P2 



86 
PI P2 



SI 
P1 PZ 



S2 
PI P2 



S3 
P1 P2 



84 
P1 P2 



85 
PI P2 



S6 
PI P2 



81 
P1P2 



I — READCWCODE 



READ NEXT! 
■ OPCODE 



81 S2 



83 



|— OPCODE p 
1 (DISCARD) I 1^ 

S* I SS I S6 I" ."' 



READ NEXT OPCODE AQAIN 



(A) 1-byte, l-cyde instnjctlon, e.g., INC A 



READ 2ND I 

BYTE ! 



• nutnoK.; jii>'jsis< 1! 
■ I i: -311' 1 -.fito'fr. • 
^ READ NBCT OPCODE 



85 86 



(B) 2-byte, 1 -cycle instruction, e.g., ADD A, #data 
■ READ OPCODE 



READ NEXT 

OPCODE (DISCARD) 



81 82 



S3 



84 85 



81 82 



S3 



S4 85 



(C) 1-byte, 2-cycle instnidion, e.g., INC DPTR 



-READ READ NEXT NO 
OPCODE OPCODE (DISCARD) | FETCH 

(MOVX) I I I r 



NO 
ALE 



NO READ NEXT ] 
FETCH OPCODE ] 
I AGAIN I 



81 


82 


S3 


84 


85 


86 


SI 


82 


83 


84 


S5 


86 



(D) MOVX (1-byte. 2H:ycle) 



ADDR 



AOSESS EXTERNAL MEMORY 
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Figure 17. Bus Cycles Executing &om External Program Me^ioiy 
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Interrupt Structure 

The AT89CS1 core provides S interrupt searces: 2 eactexoal ia.- 
terrupts, 2 timer interrupts, and the semi port intM^ Wbtt 
follows is an overview of the interij^t 
AT89C51. Other Atmel Flash microcoifttiillm IweJraftinal 
interrupt sources and vectors. Refer to ^ otter 

devices for fiirther information on their iKGy^i. 

Interrupt Enables 

Each of the interrupt sources can be individually enabled or dis- 
abled by setting or clearing the Interrupt Enable (IE) bit in the 
SFR. This register also contains a global disable bit, which can 
be cleared to disable all interrupts at once. Figure 18 shows the 
IE register for the AT89C51. , 

Figure 18. Interrupt Enable (IE) Register in the AT89CS1 



(MSB) 


(LSB) 


1 ^'^ 




1 ES |eT1 I EXI I ETO I EXO I 


Enable bit = 


1 enables the intenvpt. 


Enable bit = 


disables it. 




Symbol 


Position 


Function 


EA 


IE.7 


Disables all Intenupts. If EA - 0, no 
Interrupt will be acknowledged. If EA = 1 , 
eaoh internjpt source Is individually 
enabled or disabled bys^ln9.or^deai<ng 
Its enable bit 




IE.6 


reserved.* 




■1E5 


reserved.* " " 


ES 


IE.4 


Serial Port interrupt enable bit. 


ET1 


IE.3 


Timer 1 overflow interrupt enable bit. 


EX1 


IE.2 


External Interrupt 1 enable bit. 


ETO 


IE.1 


Timer Overflow Interrupt enable bit. 


EXO 


IE.0 


External Intetru^ enable bit 


These rase 


rvad bits are used in other Alinel miGrooonlTDllers. 



Interrupt Priorities 

Each interrupt source can also be individually programmed to 
one of two priority levels by setting or clearing the Interrupt Pri- 
ority (IP) bit in the SFR. Figure 19 shows the IP register in the 
AT89C51. 

A low-priority interrupt can be interrupted by a high-priority in- 
terrupt but not by another low-priority imeXmpt. A hiilhpteity 
interrupt can not be interrupted by any ether tmecf^ smtie. 

If two interrupt requests of different priority levels are received 
simultaneously, the request of higher priority level is serviced. 
If interrupt requests of the same priority level are received si- 
midtaneously, an internal polling sequence determines which re- 
quest is serviced. Thus, within each priority level the polling 
sequence determines a second priority structure. 
Figure 20 shows how the IE and IP registers and the polling 
sequence work to determine which (if any) interrupt will be 



In operation, all the interrupt tlags are latched into the interrupt 
control system during Stale 5 of every machine cycle. The sam- 
ples arc polled during the following machine cycle. If the flag 
for an enabled interrupt is found to be set (1), the interrupt sys- 
tem generates an LCALL to the appropriate location in program 
memory, unless some other condition blocks the interrupt. Sev- 
eral conditions can block an interrupt, including an interrupt of 
equal or higher priority level already in progress. 



Figure 19. IP (Interrupt Priority) Register in the AT89C5 1 
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Symbol 
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IP.7 


reserved* 




IP.6 


reserved* 




IP.5 


reserved* 


PS 


IP.4 


Serial Port Intenmpt priority bit 


PT1 


IP.3 


Timer 1 interrupt priority bit. 


PX1 


IP.2 


Extemal interrupt 1 priority bit. 


PTO 


IP.1 


Timer interrupt priority bit. 


PXO 


IP.O 


External interrupt priority bit. 


Ttee rssMBd UlB a 


(Seised in other Atmel microcontrollers. 



The hardware-generated LCALL pushes the contents of the Pro- 
gram Counter onto the stack and reloads the PC with the begin- 
ning address of the service routine. As previously noted (Figure 
4), the service routine iitt'isa^w^tetrupt begins at a fixed 
location. 

Only the Program Counter is automatically pushed onto the 
stack, not the PSW or any other register. Because only the PC is 
automatically saved, the programmer can decide how much time 
to spend saving other registers. This enhances the mterrupl re- 
sponse time, albeit at the expense of increasing the program- 
mer's burden of responsibility. As a result, many interrupt func- 
tions that are typical in c{)nlrol applicatitins — toggling a port 
pin, reloading a tiirier, or unloading a serial buffer, for exam- 
ple — can often be completed m leS! time tiian it takes other ar- 
chitectures to begin them. 

Simulating a Third Priority Level in Software 

Some applications require more than the two priority levels that 
are provided by on-chip hardware in Atmel Flash microcontrol- 
lers. In these cases, relatively siiriple sollware can be written to 
produce the same effect as a third priority level. 

First, interrupts that require higher priority than 1 are assigned 
to priority I in the IP register. The service routines for priori^ 1 
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interrupts that are supposed to be interruptible by lltt- 
temipts aie written to include the following code. 

PUSH IE 

MOV IE, # MASK 

CALL LABEL 

* * « * * :fE 4e 

(execute service routine) 



POP 
RET 

LABEL; RETI 



IE 



As soon as any priority I interrupt is acl<now]edged, the IE reg- 
ister is redefined to disable all but priority 2 interrupts. Then, a 
CALL to LABEL executes the RETI instruction, which clears 
the priority I interrupt-in-progress flip-flop. At this point, any 
enabled priority I interrupt can be sraviced, but only priority 2 
interrupts are enabled. 

POPpiag IE restores the original enable byte. Then, a normal 
RET (rather than another RETI) is used to terminate the service 
routine. The additional soflwaie adds 10 p,s (at 12 MHz) to pri- 
Brtly 1 interrupts. 



Figure 20. AT89 Interrupt Control System 
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The information presented in this chapter is collected from the Microcontroller Architectural 
Overview, AT89C51, AT89LV51, AT89C52, AT89LV52, AT89C2051, and AT89C1051 
data sheets of this book. The material has been selected and rearranged to form a quick and 
convenient reference for the programmers of Atmel's microcontroller family of devices. This 
guide pertaiBs specifically to the AT89C51, ggj\^i, AT?9C52, attd AT89LV52. 

Memory Ofgaihli^ion 

Program Memory 

The AT89C Microcontroller has separate address spaces for program memory and data mem- 
ory. The program memory can be up to 64 Kbytes long. The Iowct addresses wty reside on- 
chip. 

Figure I shows a map of the AT89C5 1 program memory, and Figure 2 shows a map of the 
AT89C5 2 program memory . The AT89C 1 05 1 /205 1 do not have off-board memory expansion . 

Figure 1. AT^CS 1 Pro-am Memory ■ 
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F^re 2. Program Mraftoiy 
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Data Memory 

The AT89C can directly address up..to 64 Kbytes of data mem- The AT89C5 1 has 1 28 bytes of on-chip RAM (256 bytes in the 
ray external to the chip. The MOVX instruction access^ the AT89CS2) plus a number of Special Function Registers (SFRs). 
external data memory. (Refor to the InaiBetot. & j t |« B e to tto ^^.-^Ae lower ^Q^SfOBS bL&JM can be accessed either by dicect 

— A..^-,.AA ■ » addressing (wW^lr&iaA') 01^ by indirect addr^ 

@Si). Vmm 3 tews the^pi^4 <b« ATSSCSZ im 
memory ««^tMMon. ' " ' - • 



diis chaptra' for a detailed descriptioo of in^ractiMs). 



Flgore 3a. The AT89CS 1 Data Memory 
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Flgwe 3b. The AT89CS2 Data Me4orx 
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Indirect Address Area 

In Figure 3b, the SFRs and the indirect address RAM have the 
same addresses (80H through OPFH). Nevertheless, they are two 
separate areas and are accessed in two different ways. 
For example, the following instruction writes OAAH to Port 0, 
which is one of the SFRs. 

MOV 80H,#0AAH ' 
The following iostruotiw writes OBpH in location 80H of the 
data RAM. j Ij < gx;c 

MOV RO, # 80H ' 

MOV @ RO, # OBBH 
Thus, after executing both of these instructions, Port contains 
OAAH, and location 80H of the RAM contains OBBH. 
The stack operations are examples of indirect addressing, so the 
upper 128 bytes of data RAM are available as stack space in 
devices that implement 256 bytes of internal RAM. 

Direct and indirect Address Area 

The 128 bytes of RAM that can be accessed by both direct and 
indirect addressing can be divided into 3 segments as described 
in this section and as shciwtiin Figure 4. , _ . . ' t- 



1. Register Banks 0-3: Locations through IFH (32 bytes). 
Reset default is to register bank 0. To use the other register 
banks, the user must select them in the software. Each register 
bank contains eight 1-byte registers, through 7. 
Reset initializes the Stack Pointer to location 07H. The Stack 
Pointer is then incremented once to start from location 08H, 
which is the first register (RO) of the second register bank. Thus, 
in order to use more than one register bank, the SP should be 
initialized to a different location of the RAM that is not used for 
data storage (that is, a higher part of the RAM). 
t. Bit Addressable Area: 16 bytes have been assigned for this 
segmmt, 20H through 2FH. Each of the 128 bits of tbi»^egment 
can be directly addressed (0 through 7FH). 
These bits can be referred to in two ways. One way is to refer to 
their addresses, that is, to 7FH. The other way is with reference 
to bytes 20H to 2FH. Thus, bits through 7 can also be referred 
to as bits 20.0 through 20.7, and bits 8 through FH are the same 
as 21.0 through 21.7, and so on. 

Each of the 16 bytes in this segment can also be addressed as a 
byte. 

3. Scratch Pad Area: Bytes 30H through 7FH arc available to 
the user as data RAM. However, if the stack pointer has been 
initialized to this area, enough bytes should be left aside to pre- 
vent SP data destruction. 



Figure 4. 128 Bytes of Directly and Indirectly Addressable RAM 
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Special Function Registers 

Table I contains a list of all the SFRs and their addresses. 

All of the SFRs that are byte- and bit-addressable are located on the first column of the diagram in Figure 5. 
Table 1. Special Function Registers 



SymlMl 






Name 


Address 


*ACC 






■.vu ^jimulator 


OEOH 


*B 


■ •■r \'i r.z 




' ■ • -iBiftegister "■ 


OFOH 


*PSW 






Program Status Word 


ODOH 


SP 






Stack Pointer 


81 H 


DPTR 






Data Pointer 2 Bytes 




DPL 






Low Byte 


82H 


DPH 






High Byte <i.'Wi wm,,,, . 


83H 


♦PO 






Porto 


80H 


•PI 






Port1 ' ' . ■ 


90H 


*P2 






Port 2 


OAOH 


*P3 






Port 3 


OBOH 


*IP 






Interrupt Priority Control 


0B8H 


•IE 






Interrupt Enable. Control 


CJA8H 


TMOD 






Timer/Counter Mode Control 


89H 


*TCON 






Timer/Counter Control 


88H 


*-fT2CON 






Timer/Counter 2 Control 


0C8H 


+T2MOD 






Timer/Counter 2 Mode Control 


0C9H 


THO 






Timer/Counter High Byte 


8CH 


TLO 






TimeiiCyOuritef Lew Byte 


8AH 


TH1 






Timer/Counter 1 High Byte 


SDH 


TL1 






Timer/Counter 1 Low Byte 


8BH 


■HTH2 






Timer/Counter 2 High Byte 


OCDH 


-HTL2 






Timer/Counter 2 Low Byte 


OCCH 


-KRCAP2H 






T/C 2 Capture Reg. High Byte 


OCBH 


+RCAP2L 






T/C 2 Capture fligL IjonrByte 


QCAH 


*SCON 






Serial Control 


98H 


SBUF 






Serial Data Buffer 


99H 


PCON 






Power Control 


87H 



* = Bit addressable 
+ = AT89C52only 
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Contents of the SFRs Just After Power-On or a Reset 



Table 2. Contents of the SFRs after power-on or a hardware reset 



Register 


Value In Binary . 


*ACC 


00000000 


*B 


00000000 


*PSW - 


00000000 


SP ! 


00000111 


DPTR 




DPH 


00000000 


DPL 


00000000 


*PO 


11111111 


*P1 


11111111 


*P2 


11111111 


*P3 


11111111 


.*1P 


80C51 XXXOOOOO, 




80C52 XXOOOOGO 


*IE 


80C51 OXXOOOOO, 


I - 


80C52 0X000000 


TMOD L 


00000000 • 


+T2M0D 


XXXXXXOO 


•ICON 


00000000 


•+T2CON 


00000000 


THO 


00000000 


TLO ' - 


00000000 


TH1 


00000000 


TL1 


00000000 


+TH2 


00000000 


+TL2 


00000000 


+RCAP2H 


00000000 ' 


+RRAP2L 


00000000 


*SCON 


00000000 


SBUF 


Indeterminate 


PCON 


CMOS OXXXOOOO 



X = Undefined 

* = Bit Addressable 

+ = AT89C52only 
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Special Function Register Map 

Figure 5. SFR Memoiy 
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BP 


BO 


P3 
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A7 


98 


SCON* 


SBUF 




V, ■■ 










9F 


90 


PI 
















97 


88 


ICON* 


TMOD* 


TLO 


TL1 
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TH1 
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PCON* , 


-87 
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SFRs whose bits are assigned for various functions are listed in this section. For more detailed infonnation, refer to the Mi^^Q^^B^I^ 
Architectural Overview chapter of this book. .... 



PSW: Program Status Word (Bit Addressable) 



CY 


AC 


FO 


RSI 


RSO 


OV 







CY 


PSW.7 


Carry flag. " " ~ 


AC 


PSW.6 


Auxiliary carry flag. 


FO 


PSW.5 


Flag available to the user for general pui^(>6se. 


RSI 


PSW.4 


Register Bank selector bit 1 (see note 1 ). 1 


RSO 


PSW.3 


Register Bank selector bit (see note 1). | 


OV 


PSW.2 


Overflow flag. '. ■' ■ 




PSW.l 


User definable flag. 


p 


PSW.0 


Parity flag. Set/cleared liy hffidw^ each tnstrticticni cyele tO' indicate an tidd/even noitiba- 
of 1 bits in the accumulator. 



Note: 1. The values of RSO and RSI select the corresponding register bank. 



RSI 


RSO 


Register Bank 


Address 











00H-07H 





1 


1 


08H-0FH 


1 





2 


10H-17H 


1 


1 


3 


18H-1FH 



PCON: Power Control Register (Not Bit Addressable) 



SMOD 








GF1 


GFO 


PD 


IDL 



SMOD Double baud rate bit If 'Mmer lis used to gema«ie baud fale and SMOI>=f, die band rate is de^le^ 
Serial Port is used in modes 1, 2, or 3. 

— Not implemented, reserved for fiiture use. * 

— Not implemented, reserved for future use.* 

— Not implemented, reserved for futtire use. * , 
GFl General purpose flag bit i ,;• . i .; 

- <Oett»a] purpose flag bit. 
PD Power Down bit. Setting this bit activates Power Down operation in the AT89G51. 

IDL Idle Mode bit. Setting this bit activates Idle Mode operation in the AT89C51. 
If Is are written to PD and IDL at the same time, PD takes precedence. 

* User software should not write 1 s to reserved bits. These bits may be used in future: microcontrollers to invoke new features. In that case, tfie 
reset or inactive value of the new bit will be 0, and its active value will be I . 
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Interrupts 

In order to use any of the inteirupts in the I'lash microcontroUer, take the following three steps. 

1 . Set the EA (enable all) bit in the IE regtster to I . 

2. Set the corresponding individual interrupt enable bit in the IE register to 1 . 

3. Begin the interrupt service routine at the corresponding Vector Address of that interrupt. See the following table. 



Interrupt Source 


Vector Address 


iEO 


0003H 


TFO 


OOOBH 


IE1 


001 3H 


TF1 


001 BH 


R1 &T1 




TF2 & EXF2* 


002BH 



* AT89C52 only. , 

In addition, for external interrupts, pins INTO and INTl (P3.2 and P3.3) must be set to 1, and di 
be level or transition activated, bits ITQ or Ul in the TCON register may need to be set to 1. 
ITx = level activated 

TTx = 1 traasttion activated ,0 

■ ■ : r 



9n whether the interrupt is to 



IE: Interrupt Enable Register (Bit Addressable) 

If the bit is 0, the corresponding interrupt is disabled. If the bit is 1, the corresponding interrupt is enabled. 



EA 




ET2 


ES 


ET1 


EX1 


ETO 


EXO 



EA 



IE.7 



ET2 
ES 
ETl 
EXl 
ETO 
EXO 



Disables all interrupts. If EA = 0, no interrupt is acknowledged. If EA = 1, each interrupt source 

is individually enabled or disabled by setting or clearing its enable bit 

Not implemented, reserved for future use.* , . '1' 

Enables or disables the Timer 2 overflow or ca|ARB ildW|p|.^29^^^il!>ly)- 

Enables or disables the soial port inteniq)t 

Enables or disabli^ tile Timer 1 overflow intemq)t 

Enables or disables External Interrupt 1. 

Enables or disables the Timer overflow interrupt. - ■- 

Enables or disables External InteiTiq>t . 

User software should not write 1 s to reserved bits. Th^ Mts laa^ betue^ tB SiboBiFliA tliaoeofltisyagssM invoke new featuies. In that taH^ 
tberesetoriaactivevalueoflhenewbitwilLbe<)K)«|^|^«^^ji^U«^ ,, 



IE.6 
IE.5 
IE.4 
IE.3 
IE.2 
IE. 1 
IE.0 
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Assigning Higher Priority to One or IVIore Ihtirrupts 

In order to assign higher priority to an interrupt the-eCM^ionding bit in the IP register must be set to 1. 

While an interrupt service is in progcess. it carfliol befintedfti^ted'ljy an' totraruf tSf 'the saniKaf. lower taioriftr — .: 

Priority Within Level 

The only purpose of priority within a level is to resolve simultaneous requests of the same priority level. 
From high to low, interrupt sources are listed below. , 

lEO ■ .. i :i ■ 

TFO ,, , , 

lEl „ |. 

TFi i ' ■■. ; 

RI or TI 
TF2 or EXF2 



iP: interrupt Priority Register (Bit Addressabie) 

If the bit is 0, the corresponding Interrupt has a lower priority. If the bit is 1 , the corresponding interrupt has a higher priority. 







PT2 


PS 


PTl 


PX1 


PTO 


PXO 



— IP. 7 Not implemented, reserved for future use.* 

— IP. 6 Not implemented, reserved for future use.* .. .. 
PT2 IP. 5 Defines the Timer 2 interrupt priority level (AT89C52 only). '; ' _ 
PS IP. 4 Defines the Serial Port interrupt priority level. . 

PTl IP. 3 Defines the Timer ! interrupt priority level. 

PXl IP. 2 Defines External Interrupt 1 priority level. , , i 

PTO IP. 1 Defines the Timer interrupt priority level. , , ,i 

PXO IP.O Defines the External Interrupt priority level. 

* User software should not write Is to reserved bits. These bits may be used in future Flash microcontrollers to invpke new feaUiies. 
In that case, the reset or inactive value of the new bit iA iii^ %,«Bd 



iiimEi 



TCON: Timer/Counter ConM l^gi^ iim mamm0S0nS o:<0.1 -to 



















TF1 


TR1 


TFO 


TRO 


IE1 


IT1 


lEO 


rro 1 



TFl TCON. 7 Timer 1 overtlow flag. Set by hardware when ihc Timer/Counter 1 overflows. Cleared by _ . 

hardware as Ihe processor vectors to the interrupt service routine. 
TRl TCON. 6 Timer" 1 mi X^S^M&M^Mii^SS&^im Timer/Counter 1 ON/OFF. 
TFO TCON. S Timer o v^ow flag. Siet by tiudwai« whMi the Timer/Counter overflows. Cleared by hardware 

as the processor vectors to the service routine. 
TRO TCON. 4 Timer run eonlrol hil. Set/eleared by software to turn Thner/Counter ON/OFF. 
lEl TCON. 3 External Interrupt I edge Hag. Set by hardware when the External Interrupt edge is detected. Cleared by 

hardware when the interrupt is processed. 

m TCON. 2 Interrupt 1 type control bit. Set/cleared by software to specify falling edge/low level triggered 
External Intemip. 

lEO TCON. 1 External Intercu|)t fl^ Set haidwaie .wAini I^tranal Intnrupt edge Elected, desaed by 

hardware when itltettsp is processed. rsw^e •' .<■. - . i- i 

riD TC©H:# Ilit^AlptO type control %it. Set/cleared by soiWareldi^j^^M^ 

External Interrupt. . . . - -.m^,^.^^ 



TMOD: Timer/Counter Mode Control Regi9llM'(Not6N Aiiaiessaltl^ 



Timer 1 


Timer 


GATE 


CfT 


M1 


MO 


GATE 


C/T 


M1 


MO 



GATE 
C/T 

Ml 

MO 

NOTE 1: 



When TRx (in TCON) is set and GATE = 1, TIMER/COUNTERx runs only while the INTx piii is high 

(hardware control). When GATE = 0, TIMER/COUNTERx will run only while TRx = 1 (software control). 
Timer or Counter selector. Cleared for Tinier operation (input from internal system clock). Set for Counter 
operation (input from Tx input pin). 

Mode selector bit (note 1). • 
Mode selector bit (note 1). ' ■"' ' i ' 



M1 


MO 


Operating Mode 











13-bit Timer 





1 


1 


1 6-brt Timer/Counter 


1 





2 


8-bit Auto-Reload Timer/Counter 


1 


1 


3 


Split Tim^r Mode; (Timer 0) TW) is §n 8^t>it Timer/Cwrter ccwtrolled by the standard Timer 
control bits, iMO :is an iMsM tWMtMd is ^xHtaHteii by Unfer 1 control bits. 


1 


1 


3 


(Timer 1) Tlmer/Ootffitef 1 mH^- 



2-30 



Memory 



Memory Organization 



Timer Set-Up 

Tables 3 through 6 give TMOD values that can be used to set up Timer in different modes. 

It is assumed that only one timer is used at a time. If Timers and 1 must run siinul^ueoasiy'M anjMnederlke 'VatHe u HrfO&fer 
Timer must be ORed with the value shown for Timer 1 (Tables S and 6). 

For example, if Timer must run in mode 1 GATE (external control), and Timer 1 must run in mode 2 COUNTER, then the value 
that must be loaded into TMOD is 69H (09H from Table 3 ORed with fiOH bom Table 6). 

Moreover, it is assumed that the user is not ready at this point to turn the timers on and will do so at another point in the program by 
setting bit TRx (in TCON) to 1. 

Timer/Counter 

Table 3. Timer/Counter Used as a Timer 



MODE 


TIMER 
FUNCTION 


TMOD 


INTERNAL 
CONTROL (N0TE1) 


EXTERNAL 
CONTROL (NOTE 2) 





13-bit Timer 


OOH 


08H 


1 


16-bit Timer 


01H 


09H 


2 


8-bit Auto-Reload 


02H 


OAH 


3 


two 8-bit Timers 


03H 


OBH 


Table 4. Hmer/Coimter Used as a Counter 


MODE 


TIMER 
FUNCTION 


TMOD 


INTERNAL 
CONTROL (NOTE1) 


EXTERNAL 
CONTROL (NOTE 2) 





13-bit Timer 


04H 


OCH 


1 


16-bit Timer 


05H 


ODH 


2 


8-bit Auto-Reload 


06H 


OEH 


3 


one 8-bK Counter 


07H 


OFH 



NOTES: 1. The Timer is turned ON/OFF by setting/clearing bit TR O in the software. 

2. The Timer is turned OI^OFF by the 1 to transition on INTO (t>3.2) when TRO = 1 (hardwaie control). 
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Timer/Counter 1 

Table S. Timer/Counter 1 Used as a Timer 







TMOD 


MODE 


TIMER 1 
FUNCTION 


INTERNAL 
CONTROL (N0TE1) 


EXTERNAL 
CONTROL (NOTE 2) 





1 3-bit Timer 


OOH 


BOH 


1 


16-bit Timer 


10H 


90H 


2 


8-bit Auto-Reload 


20H 


AOH 


3 


does not run 


30H 


BOH 


Table 6. Timer/Counter 1 Used as a Counter 








TMOD 


MODE 


COUNTER 1 
FUNCTION 


INTERNAL 
CONTROL (NOTE 1) 


EXTERNAL 
CONTROL (NOTE 2) 





13-bit Timer 


40H 


OOH 


1 


16-bit Timer 


50H 


DOH 


2 


8-bit Auto-Reload 


60H 


EOH 


3 


not available 







NOTES : 1 . The Timer is turned ON/OFF by setting/clearing bit TR Ijnthe software. 

2. The Timer is turned 6»W>FF the 1 to transition on INTl (P3.3) wen TRl = 1 (hardware control). 
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T2CON: Timer/Counter 2 Control Register (Bit Addressable) 
AT89C52 Only 



















TF2 


EXF2 


RCLK 


TCLK 


EXEN2 


TR2 


cm 


CP/RL2 



Timer 2 overflow flag set by hardware and cleared by SBftvwte^. W*eannot "be Set ■«*en etthra- 
RCLK= 1 orCLK=l 

Timer 2 external flag set when either a capture or reload is caused by a negative transition on 
T2EX, and EXEN2 = 1. When Timer 2 interrupt is enabled; EXF2 = 1 causes the CPU to vector 
to the Timer 2 interrupt routine. EXF2 must be cleared by software. 

Receive clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its receive 

clock in modes 1 and 3. RCLK = causes Timer 1 overflow to be used for the receive clock. 

Transmit clock flag. When set, causes the Serial Port to use Timer 2 overflow pulses for its transmit 

clock in modes 1 and 3. TCLK = causes Timer 1 overflows to be used for the transmit clock. 

Timer 2 external enable flag. When set. allows a capture or reload to occur as a result of negative 

transition on T2EX if Timer 2 is not being used to clock SaM Port EXEN2 = causes Tyii^ 2 tp 

ignore events at T2EX. - - ... 

Software START/STOP con&ol for Timer 2. A logic 1 starts theTitter.' ' 

Timer or Counter .select. ' ' 

= Internal Timer. 1 = Extemal Event Counter (triggered by falling edge). 

Capture/Reload flag. When set, captures occur on negative transitions at T2EX if EXEN2 = 1. 

When cleared, auto-reloads occur either with Timer 2 overflows or negative transitions at 

T2EX when EXEN2 = 1. When either RCLK = 1 or TCLK = 1, this bit is ignored and the Timer is 

forced to auto-reload on Timer 2 overflow. 



T2MOD: Timer 2 Mode Control Register 

T2MOD Address = 0C9H ResM ValU*«jiii|^aC0OB 

Not Bit Addressable 















T20E 


DCEN 


Bit 7 


6 


5 


4 


3 


2 


1 






Symbol 


Function 


T20E 
DCEN 


Not implemented, resen/ed forftdurs lise 
Timer 2 Output Enable bit 

When set, this bit allows Timer 2 to be configured as an up/down counter. 




TF2 T2CON. 7 

EXF2 T2CON. 6 

RCLK T2CON. 5 

TLCK T2CON. 4 

EXEN2 T2CON. 3 

TR2 T2CON. 2 

C/T7 T2C0N. 1 

CP«L2 T2CON.0 



TimmTCounter 2 Set-Up 

Except for the baud rate generator mode, the values given for T2CON do not include the setting of the TR2 bit. Therefore, bit TR2 
must be set separately to turn the Timer on. ' 

TableT.TImerA^ounta-aUsedasaTima: — - - 





T2CON 


MODE 


INTERNAL 
CONTROL (NOTE 1) 


EXTERNAL 
CONTROL (NOTE 2) 


16-bit Auto-Reload 


OOH 


08H 


16-bit Capture 


01 H 


09H 


Baud rate generator receive 
and transmit same baud rate 


34H 


36H 


receive only 


24H 


26H 


transntitonty 


14H 


' ieH 


Table 8. Tims'/Counter 2 Used as a CounmitU : )!.-. . , 






TMOD 


MODE 


INTERNAL 
CONTROL (NOTE 1) 


EXTERNAL 
CONTROL (NOTE 2) 


16-blt Auto Reload ^ < r 


A am , ■ 


. OAH 


16-blt Capture 







1' t j iif«»fi 

jiX'U: ,„ i. 

' ' ^ ; p.' 



NOTES: l.Captuie/Reload occurs only mltlnecKSMinln ovi^ 

2.Captuie/Reload occurs on Hmo/Coiinttx' oveiflo# and • 1 to tranation <mT2B( ^.1) 
pn except when Timer 2 is used in the baud rate geaenttegaiade. ^»':;Ht>^ 
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SCON: Serial Port Control Register (Bit Addressable) 



SMO 


SM1 


SM2 


REN 


TBS 


RB8 


Tl 


Rl 



SMO 
SMI 
SM2 

REN 
TBS 
RB8 

TI 

RI 

NOTE 1; 



'llr. ,1i 



SCON. 7 Serial Port mode specifer. (NOTE 1), ' ... in • 

SCON. 6 Serial Port mode specifer. (NOTE 1). ' ' ' ' • : ■■ . ' I'l 

SCON. S Enables the multiprocessor communication feature in modes 2 and 3. In mode 2 or 3, if SM2 is set to 
1, then RI is not activated if the received ninth data bit (RB8) is 0. In mode 1, if SM2 = 1, then RI 
is not activated if a valid stop bit was not received. In mode 0, SM2 should be 0. (See Table 9). 
SCON. 4 Sel/Cleared by software to Enable/Di$able reception. f , t.!-i(< 

SCON.3 Tlie ninth bit that is transmitted in modes 2 aMS^SetPeaied fay soflwiaie.: i, ! :< .4/ 

SCON. 2 In modes 2 and 3, is the ninth data bit that was received. In mode 1, if SM2 ^ 0, RB8>is' die stop bit that"-' ''.'^ 
was received. In mode 0, RB8 is not used. 

SCON. 1 Transmit interrupt flag. Set by hardware at the end of the eighth lat^^ae III moi^ O'or'^iiie liggj^pg^'^." 

J of the stop bit in the other modes. Must be cleared by software. -t> - 

SCQNT^ Receive interrupt flag. Set by hardware at the end of the eighth bit time in mode or halfway through ' 
the stop bit time in the other modes (except see SM2). Must be cleared by software. 



SMO 


8M1 


Mode 


Description 


Baud Rate < 











SHIFT REGISTER 






F0SC./12 







1 


1 


8-Bit UART.- 






Variable 


















1 


O 


2 1 ... 


g-BltUART 






FoscJM OR Fosc732 




1 


1 


3 


9-Bit UART 






Variable 




Table 9. Serial 


Port Set-Up 










. . . n - f 


. j ' ^' 

'.II 11 1 ^'T' 



1. MODE' " 


SCON 


SM2 VARIATION 





10H 


Single Processor , 


1 


50H 


Environment 


2 


90H 


(SM2°0) 


3 


DOH 







NA 


Multiprocessor 


1 


70H 


Environment 


2 


BOH 


(SM2= 1) 


3 


FOH 





••! Jt'jl ^,i -.-Si ".(:■:■ , 'I , . I J ,i,v- 

jfi-i I'i' rjS i.'L -. I- ;'1<J 1. -I ;t In; .rl- 



.-n 
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Serial Port in Mode 

Mode has a fixed baud rate, which is 1/12 of the oscillator 
frequency. To run the serial port in this mode, none of the 
Timer/Counters need to be set up. Only the SCON register needs 
to be defined. 



BaudR^ ■■ 



•n- pi .0 a Wit) 



■ vantfi •iiflBiru»aiftar?^'ie!<uwneraie ^ > 
Baud Rates 

For this purpose, Timer 2 must be used in the baud rate generat- 
ing mode. Refer to Time^ 2 Setup Table in this chapter. If Tim^ 
2 is clocked through pin T2 (PI .0) the baud rate given by the 
following equation. 

Timer 2 Overflow Rate 



Baud Rate = 



16 



Serial Port in lUode 1 

Mode 1 has a variable baud rate. The baud rate can be generated 
by m^-mmti *Twr? (AT8g^«8^^ „, .Ito/iew-. 

Slilf^l^^f^ 1 to Gen^^,^ ^ , , 

For this purpose, Timer 1 is used in mode 2 (Auto-Reload). Refer 

to the Timer Setup section of this chapter^ ^. ,:>.,'ly^ 

_ . _ K X Oscillator Freq. 

Baud Rate = ^ — 

32x 12x[256-(THl)] 

IfSMOD = 0, thenK= 1. ' 

If SMOD = 1 , then K = 2. (SMOD is the PCON register). 

The user usually knows the baud rate but needs to know the re- 
load value for THl. Therefore, the equatiW to i^ASt Itt 
can be written as follows. 

THl = 256-^^^^ 
384 X baud rate 

THl must be an integer value. Rounding off THl to the nearest 
integer may not produce the desired baud rate. In this case, the 
user may have to choose another crystal frequency. See Baud 
Rate table. 

Since the PCON register is not bit addressable, one way to set 
the bit is logical ORing the PCON register (that is, ORL PCON^- 
# 80H). The address of PCON is 87H. ^ 



If it is being clocked internally the baud rate is given by the 
following equation. 



Baud Rate = ■ 



OscFreq. 



32 X [65536 - (RCAP2H, RCAP2m 

To obtain the reload value for RCAP2H and RCAP2L the pre- 
vious equation can be rewritten as follows. ' 

, . ,RCAP2H,RCAP2L,= 65536 ^"TS ' 
■ - 32 X BaudRate 

cHx>ti> i^Uo 61 -.ISM ipi Mth I 
I^MfH»rtlnilbci«2 

The baud rate is fixed in this mode and is 1/32 or 1/64 of th^ 
oscillator frequency, depending on the value of the SMOD bit in 
the PCON register. 

In this mode, none of the Timers is used, and the clock comes 
the internal phase 2 clock. 
~ SMOD = 1 , Baud Rate = 1/32 Osc Freq. | 
SMOD = O, Baud Rate = 1/64 Osc Freq. ' 
let Oie SMOD bit. use ORL PCON, # 80R Tlie address of 
PCONisSTH. 



Serial Port In Mode 3 

The baud rate in mode 3 is' variable and sets up exactly the same 
as in mode 1. ------ i 
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Baud Rate Table 



Crystal 
Frequency 


7.3728 MHz 


8 MHz 


11.0592 MHz 


12.00 MHz 


14.75156 MHz 


16.00 MHz 


TH1 


EO 


600 


651 


900 


976 


1,200 


1,302 


FO 


1,200 


1.302 


1,800 


1,953 


2,400 


2,604 


F8 


2,400 


2,604 


3,600 


3,906 


4,800 


5,208 


F9 


2,743 


2.976 


8,229 


4,464 


5,486 


5,952 


FA 


3,200 


3,472 


9,600 


5,208 


6,400 


6,944 


FF 


19,200 


20,833 


57,600 


62,500 




41,666 



Table 10. Baud Rate Summary 



Baud Rate 


Crystal 
Frequency 


SMOD 


TH1 Reload 
Value 


Actual 
Baud Rate 


Error 


9600 


12.000 MHz 


1 


-7 (F9H) 


8923 


7% 


2400 


12.000 MHz 





-13 (F3H) 


2404 


0.16% 


1200 


12.000 MHz 





-26 (E6H) 


1202 


0.16% 


19200 


11.059 MHz 


1 


-3 (FDH) 


19200 





9600 


11.059 MHz 





-3 (FDH) 


9600 





2400 


11.059 MHz 





-12 (F4H) 


2400 





1200 


11.059 MHz 





-24 (EBH) 


1200 






NOTE: Due to rounding, ihere is a slight error in the resulting baud rate. Generally, a 5% error is tolerable using asynchronous (start/stop) comma- 
nications. Exact baud rates are possible using an 11.059 MHz crystal. The table above summarizes the THl reload values for the most 
common baid rates* iisii% a 12.000 fJBix or 1 1.0S9 MHz crystal. 
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AT89 Series Hardware Description 



Introduction 

This cb^t« present a comprehensive description of Uie on-chip hardwaie features of 
Atmel's Flash-based miciocontroUras. Inclu^ in this description are the following items. 

• The port drivers and how they fonction both as ports and, fac Ports and 2, 

in bus operations 

• The Timer/Counters 

• The Serial Interface 

• The Interrupt System 

• Reset 

• The Reduced Power Modes and Low Power Idle 
The devices under consideration are listed in Table 1 . 

Figure 1 shows a fiuctional bleekdiagcam of II»J^T89P>1 fOd 

Table 1. Atmel's Flash MicrocontroUeis 



Device Name 


Program 
Memory 


Data Memory 
Bytes 


16-blt Timers 


Technology 


AT89C1051 


1K Flash 


64 RAM 


1 


CMOS 


AT89C2051 


2K Flash 


128 RAM 


2 


CMOS 


AT89C51 


4K Flash 


128 RAM 


2 


CMOS 


AT89C52 


8K Flash 


256 RAM 


3 


CMOS 


AT89S8252 


8K Rash 


256 RAM 
2K EEPROM 


3 


CMOS 



AT89 Series 

Hardware 

Description 



Special Function Registers 

A map of the on-chip memory area called Special Function Register (SFR) space is shown in 
Figure 2. SFRs marked by parentheses are resident in the AT89C52 but not in the AT89C5 1. 



0499A 



^88 , 



PSEN 
ALE 
EA 
HST 



PORTO 




PORT 2 


DRIVERS 




DRIVERS 



7\ 







> 


O 




RAM 




PORTO 
LATCH 




PORT 2 
LATCH 




FLASH 



S 



B 




REGISTER 





STACK 
POINTER 




TIMING 
AND 
CONTT«X 



So: 



II 



PCON 


SCON 


TMOD 


TCON 


T2C0N* 


THO 


TLO 


TH1 


TL1 


TH2' 


TL2* 


RCAP2H* 


RCAP2L' 


SBUF 


IE 


IP 


INTERRUPT. SERIAL 
PORT AND TIMER BLOCKS 



PROG 
ADD 

REGIS 


RAM 

R. 

TER 





PC 

INCRQkieftER 



PROGRAM 

COUNTER 



PORT* 
LATCH 



xnu.1 HDh' '™'-2 

^fl^l■ 



PORTl 
DRIVERS 



mm 



n 



PORT 3 
LATCH 



H 



PORT 3 
DRIVERS 



•RMdsnt In «re8C52 onlvi 
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Figure Z SFR M^. (...) Indicates Reside to AUSCSZ, not in ATg9CS 1 . 

8 Byte 



F8 


















FF 


FO 


B 
















F7 


E8 


















EF 


EO 


ACC 
















E7 


D8 














DF 


DO 


PSW 
















D7 


C8 


(T2C0N) 


(T2MOD) 


(RCAP2L) 


(RGAP2H) 


(TL2) 


(TH2) 






CF 


CO 


















C7 


B8 


IP 
















BF 


BO 


P3 
















B7 


A8 


IE 
















AF 


AO 


P2 
















A7 


98 


SCON 


SBUF 














9F 


90 


PI 
















97 


88 


ICON 


TMOD 


TLO 


TL1 


THO 


TH1 






8F 


80 


PO 


SP 


qPL 


DPH 








PCON 


87 



Not all of Ae addresses are occupied. Unoccupied addr^ses are 
not implemented on the chip. Read accesses to these addresses 
in general return random data, and write accesses have no effect. 
User software should not write Is to these unimplemented loca- 
tions, since they may be used in future microcontrollers to in- 
voke new features. In that case, the reset or inactive values of the 
new bits will always be 0, and their active values will be 1. 
The functions of the SFRs are outlined in the following sections. 
Accumulator 

ACC is the Accumulator register. The mnemonics for Accumu- 
lator-specific instructions, however, refer to the Accumulator 
simply as A. 

B Register 

The B register is used during multiply and divide operations. For 
other instructions it can be treated as another scratch pad regis- 
ter. 

Program Statua Word 

The PSW register contains program status information, as de- 
tailed in Figure 3. 

Stack Pointer 

The Stack Pointer Register is 8 bits wide. It is incremented be- 
fore data is stored during PUSH and CALL executions. While 
the stack may reside anywhere in on-chip RAM, the Stack 
Pointer is initialized to 07H aftcr'a r^t. This causes the stack to 
begin at location 08H. 



Data Pointer 

The Data Pointer (DPTR) consists of a high byte (DPH) and a 
low byte (DPL). Its function is to hold a 16-bit address. It may 
be manipulated as a 16-bit register or as two independent g-bit 
registers. 

Ports To 3 

PO, PI, P2, and P3 are tfie SFR latches of Ports 0, 1, 2, and 3, 
respectively. 

Serial Data Buffer 

The Serial Data Buffer is actually two separate registers, a trans- 
mit buffer and a receive buffer register. When data is moved to 
SBUF, it goes to the transmit buffer, where it is held for serial 
transmission. (Moving a byte to SBUF initiates the transmis- 
sion.) When data is moved from SBUF, it comes from the re- 
ceive buffer. 

Timer Registers 

Register pairs (THO, TLO), (THl, TLl), and (TH2, TL2) are flie 
16-bit Counter registers for Timer/Counters 0, 1, and 2, 
respectively. 

Capture Registers 

The register pair {RCAP2H, RCAP2L) are the Capture registers 
for the Timer 2 Capture Mode. In this mode, in response to a 
transition at the AT89C52's T2EX pin, TH2 and TL2 are copied 
into RCAP2H and RCAP2L. Timer 2 also has a 16-bit auto-re- 
load mode, and RCAP2H and RCAP2L hold die reload value 
for this mode. 



Control Registers 

Special Function Registers IP, IE, TMOD, ICON, T2CON, 
T2MOD. SCON, and PCON contain control and status bits tor 
the interrupt system, the Timer/Counters, and the serial port. 
They are described in later sections of this chapter. 

Figure 3. PSW: Program Slaius Word Regi^te^ 





(MSB) 














(LSB) 






CY 


AC 


FO 


RS1 


RSO 


ov 




P 




Symbol 


Position 


Name and Significanee 




Symbol 


Position 


Name and Signiflcancs 




CY 
AC 
R) 

RSI 
RSO 


PSW.7 
PSW.6 
PSW.5 

PSW.4 
PSWJ 


Carry flag. 

Auxiliary Carry flag. (For BCD operations.) 
FlagO 

(Available to the user for general 
purposes.) 

Register bank select control bits 1 and 0. 
Set/deared t)y ^f^sms WMKIMSl 
working regitelM^iiM^. 


cm 

P 


PSW.1 
PSW.0 


Overflow flag. 

User definable flag. 
Parity flag. 

Set/deared l)y hardware each instruction 
mie to tn^sBUe an add/even number of 1 
tMsmthrAiKimulator, that Is, even parity. 












NOTE: 

The contents of (RSI , RSO) enable the working register t>anks as 
follows: 

iP.O>-flankO(OOH-07H) 

(fcl)— Bank 1(0BH-0FH) 

(1.0) — Bank 2<10H-17H) 

(1.1) -Bank3(18H-1FH) 



Figure 4. AT89C51 and AT89C52 Port Bit Latches and I/O Buffers 
*See Figure £ for details 0f ii0 internal p^Up. 
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ADDD/DATA 

COrjTTK3L Vcc 




A-PORTOBfT 



ADDR 

corrraoL 




C. PORT 2 BIT 



/—narlj 




D.PORTSBIT 
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Port Structures and Operatforr 

All four ports in the AT89C51 and AT89C52 arc bidirectional. 
Each consists of a latch (Special Function Registers PO through 
P3), an output driver, and an input buffer. 
The output dri\'ers of Ports and 2, and the input buffers of Port 
0, are used in accesses to external memory. In this application. 
Port outputs the low byte of the external memory address, 
time-multiplexed with the byte being written or read. Port 2 out- 
puts the high byte of the external memory address when the ad- 
dress is 16 bits wide. Otherwise the Port 2 pins continiiil0M# 
the P2 SFR content. 



All the Port 3 pins, and two Port 1 pins (in the AT89C52) are 
multifunctional. They are not only port pins, but also provide the 
special features listed in the following table. 



Port Pin 


Alternate Function 


*P1.0 


T2 (Timer/C0ur«ef2 exteifM'^M|- 


*P1.1 


T2EX 

(Timer/Counter 2 Capture/Reload 
trigger) 


P3.0 


RXD (serial input port) 


P3.1 


TXD (serial output port) 


P3.2 


INTO (external inten-upt) 


P3.3 


INT1 (external interrupt) 


P3.4 


TO (Timer/Counter external input) 


P3.5 


T1 (Timer/Counter 1 external Input) 


P3.6 


WR (external data memory write strobe) 


P3.7 


RD (external data memory read strobe) 



*P1 .0 and PI . 1 serve these alternate functions only on the AT89C5?. 

Hie alternate functions can only be activated if the correspond- 
ing bit latch in the port SFR contains a 1 . Otherwise the port pin 
is stuck at 0. 

I/O Configurations 

Figure 4 shows a functional diagram of a typical bit latch and 
I/O buffer in each of the four ports. The bit latch (one bit in the 
port's SFR) is represented as a Type D flip-flop, which clocks a 
value from the internal bus in response to a "write to latch" sig- 
nal from the CPU. The Q output of the flip-flop is placed on the 
internal bus in response to a "read latch" signal from the CPU. 
The level of the port pin itself is placed on the internal bus in 
response to a "reaii fin" signal from the CPU. Some insttuctions 
that read a port aetivstte the "read latch" signal, and others acti- 
vate tlie "rejidjun" sigo^j^ I 



As shown in Figure 4, the output drivers of Ports and 2 can be 
switched to an internal ADDR and ADDR/DATA bus by an in- 
ternal CONTROL signal for use in external memory accesses. 
During external memory accesses, the P2 SFR remains un- 
changed, but Is are written to the PO SFR, 
If a P3 bit latch contains a 1, then the output level is controlled 
by the alternate output function signal, as shown in Figure 4, 
The actual P3,X pin level is always available to the pin's alter- 
nate input function. 

Ports I, 2, and 3 have internal pullups. Port has open drain 
outputs. Each I/O line can be used independently as an input or 
an output. (Ports and 2 may not be used as general purpose I/O 
when being used as the ADDR/DATA BUS). To be used as an 
input, the port bit latch must contain a 1 , which turns off the 
output driver FET. Then, for Ports 1, 2, and 3, the pin is pulled 
high by the internal pullup but can be pulled low by an external 
source. 

Port has no internal pullups. The FET pullup in the PO output 
driver (see Figure 4) is used only when the Port emits Is during 
external memory accesses. Otherwise, the FET pullup is off. 
Consequently, PO lines that are used as output port lines are open 
drain. Writing a 1 to the bit latch leaves both FET outputs off, so 
the pin floats. In this condition, it can be used a high-impedance 
input. 

Because Ports 1, 2, and 3 have fixed internal pullups, they are 
sometimes called quasi-bidirectional ports. When configured as 
inputs, they pull high and source current (la,) when externally 
pulled lov(r«Poi:cQ, on the other hand, is considered truly bidiiec^ 
tional, because it floats when configured as an input. 
The reset function writes Is to all the port latches in the 
AT89C51and AT89C52. If a is subsequently written to a port 
l^di, ttie latch can be reconfigured as an input if a 1 is written 
to it. 

Writing to a Port 

When an insUniction changes a port latch value, the new value 
arrives at the latch during S6P2 of the final cycle of the insmic- 
tion. However, port latches are sampled by their output buffers 
only during Phase 1 of any clock period. (During Phase 2, the 
output buffer holds the value sampled during the previous Phase 
1). Consequently, the new value in the port latch does not actu- 
ally appear at the output pin until the next Phase 1, which is at 
S IPl of the next machine cycle. See Figure 39 in the Internal 
Timing section. 

If the change requires a 0-to-l transition in Port 1, 2, or 3, an 
additional pullup is turned on during S IPl and S 1P2 of the cycle 
in which the transition occurs to increase the transition speed. 
The extra pullup can source about 100 times the current that the 
normal pullup can. The internal pullups are field-effect transis- 
tors, not linear resistors. The pullup arrangements are shown in 
Figure 5. 
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Figures. Ports 1 and 3 Internal PuUup Configurations. Port 2 is similar except that IMMthCMB^Ig^liB) I 
Is that are ^dress bits. (SwteJ^f, "Accessing &tf^;^y^ .u.,;/!-},. rA'j 

' T ■ I CO' tf.-'','.'Hvf> ■■■•,''1 ' ,-r 

.. jf !. n .11, Vcc vcc Vcc 



2 OSC. PERIODS 



Q 13— 
FROM PORT 
LATCH 



'PORT^ 



INPUT <--}_ 
DATA 
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PORT PIN 



pFETI is turned on for 2 osc. periods after-@4MrilM al^^^VSiiuisition. 
[firing thisfiqiltB^TI.f Iso turns onpFET3 through the Inverter to form 
a latch whl^ noMMWie 1. pFET2 Is also on. 



The pullup consists of three pFETs. An n-channel FET (nFET) 
turns on when a logical 1 is applied to its gate, and turns off 
when a logical is applied to its gate. A p-channel FET (pFET) 
is the opposite: it is on when its gate sees a and ofC whra its 
gate sees a 1'. *■ "• .ir^-.i 'u.-vji* 

The pFETl transistor in Figure 5 is uiwidntw for 2 oscillator 
periods aft^ a 0-to-l transition in the ^i«Mtt%lKniile pFETl is 
OB, it turns on pFET3 (a-weakpuUup) ttco^ the inveite^. This 
inverter and pFKH form a latch that holds the 1 . ' • 

If the pin emits a 1, a negative glitch on the pin from some ex- 
ternal source can turn off pFET3, causing the pin to go into a 
float state. pFET2 is a very weak pullup which is on whenever 
the nFET is off, in traditional CMOS style. pFET2 is only about 
I/IO the strength of pFET3. Its ftm(^on is to resteref 1 toliie 
pin in the eveiri'dte pin lost a I in a glMch.' ^ ' « V':'-' 

Port Loading and interfacing -><• ■ — "> ■ ' 

The output buffers of Ports 1, 2, and 3 can each drive 4 LS Til 
inputs. CMOS pins can be driven by open-collector and open- 
■ drain outputs, but 0-to-l transitions will not be fast. An input 
turns off pullup pFET3, leaving only the very weak pullup 
pFET2 to drive the transition. 

In external bus mode. Port output buffers can drive 8 LS TTL 
inputs. As port inns, they require extsrnal jpnllups to drive any 
inputs. 

Read-Modify-Write Feature 

Some instructions that read a port read the lalch and others read 
the pin. Read-modify-write instructions read the latch rather 
than the pin, and these instructions read a value, possibly change 
it, and then rewrite it to the latch. When the destination operand 



is a port, or a port bit, the read-modify-write instructions given 
in the following table read the latch rather than the pin. 



Mnemonic 


Instruction 


Example 


MIL 


Logical AND 


ANLP1,A 


ORL 


Logical OR 


ORL P2, A 






XRL PS, A 


JBC 


Jump if bit = 1 and clear bit 


JBC P1.1, LABEL 


CPL 


Complement 1^ CPL P3.0 




INC 


Increment 


INCI^ 


DEC 


[}ecrement 


DECP2 


DJNZ 


Decrement and jump if not 
zero 


DJNZ P3, LABEL 


MOV, PX.Y, C 


IVlove carry bit to bit Y of Port X 




CLR PX.Y 


Clear bit Y of Port X 




SETS PX.Y 


Set bit Y of Port X 





The last three instructions in this list are read-modify-write in- 
structions, because they read all 8 bits of the port byte, modify 
the addressed bit, then write the new byte back to the latch. 
Read-modify-write instructions are directed to the latch rather 
than the pin in order to avoid misinterpreting the voltage level at 
the pin. For example, a port Mt itii^t be used to drive the base 
of a transistor. When a 1 is tmOaa to the bit, the transistor is 
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turned on. If the CPU then reads the same port bit at the pin 
rather than the latch, it will read the base voltage ef thetiaBsist» 
and interpret it as a 0. Reading the latch rather than ibe pin will 

return the correct value of 1. ■ 

Accessing External Memory 

Accesses to external memory are either to program memory or 
to data memory. Accesses to external program memory use the 
PSEN (program store enable) signal as th e read strobe. Accesses 
to external data memory use RD or WR (alternate functions of 
P3.7 and P3.6) to strobe the memory. Refer to Figures 36 
through 38 in the Internal Timing section for more information. 
Fetches from external progam memory always use a 16-bit ad- 
dress. Accesses to external data memory can use either a 16-bit 
address (MOVX @DPTR) or an 8-bit address (MOVX @Ri). 
Whenever a 16-bit address is used, the high byte of the address 
comes out on Port 2, where it is held for the duration of the read 
or write cycle. Note that the Port 2 drivers use the strong puUups 
during the entire time that they emit address bits that are 1 s (dur- 
ing the execution of a MOVX @DPTR instruction.) During this 
time, the Port 2 latch (the Special Function Register) does not 
have to contain Is, and the contents of the Port 2 SFR are not 
modified. If the external memory cycle is not immediately fol- 
lowed by another external memory cycle, the undisturbed con- 
sents of the Port 2 SPR reappear in the next cycle. 
If an 8-bit address is used (MOVX @Ri), ttipcpiitents of tbePort 
2 SFR remain at the Port 2 pins throughout tte extranal memory 
cycle, which facilitates paging. 

In any case, the low byte of the address is time-multiplexed with 
the data byte on Port 0. The ADDR/DATA signal drives both 
I^Ts in the Port output buffers. Thus, in this application the 
Port pins are not open-drain ouq>uts and do not require exter- 
nal pullups. The Address Latche Enable (ALE) signal should be 
used to capture the address byte into an extranal latch. Hie ad- 
dress byte is valid at the negative transition of ALE. Then, in a 
write cycle , the data byte to be written appears on Port just 
before WR is activated and remains there until after WR is de- 
activated. In a read cycle, the incoming byte is accepted at Port 
just before the read strobe is deactivated. 
During any access to external memory, the CPU writes OFFH to 
the Port latch (the Special Function Register), thus obliterating 
any information in the Port SFR. If the user writes to Port 
during an external memory fetch, the incoming code byte is cor- 
rupted. Therefore, do not write .to Port tf extenjial program 
memory is used. 

External program memory is accessed under (he following two 
conditions. 

1 ) When the EA signal is active; or 

2) When the program counter (PC) contains a number larger 
than OFFFH ( IFFFH for the AT89C52). 

When the CPU is executing out of external pro-am memory, all 
8 bits of Port 2 are dedicated to an ou^ut fiinction and may not 
be used for genrard purpose I/O. During external program 
fetches, they output the hi^ byte of the PC. During this time, 
the Port 2 drivers use the strong pullups toi mSt fC bits that are 
Is. 



HmecMIounters : , i 

The AT89C51 has two 16-bit Timer/Counter registers: Timer 
and Timer 1. The AT89C52 has these two Timer/Counters, and 
in addition Timer 2. All three can be configured to operate either 
as Timers or event Counters. 

As a Timer, the register is incremented every machine cycle. 
Thus, the register counts machine cycles. Since a machine cycle 
consists of 12 oscillator periods, the count rate is 1/12 of the 
oscillator frequency. 

As a Counter, the regist^ is incteinent^.in response to a 1-to-O 
transition at its corresponding external input pin, TO, Tl, or (in 
the AT89C52) T2. The external input is sampled during S5P2 of 
every machine cycle. When the samples show a high in one cy- 
cle and a low in the next cycle, the count is incremented. The 
new count value appears in the register during S3P1 of the cycle 
following the one in which the transition was detected. Since 2 
machine cycles (24 oscillator periods) aie required to recognize 
a I-to-0 transition, the maximum count rate is 1/24 of the oscil- 
lator frequency. There are no restrictions on the duty cycle of the 
external input signal, but it should be held for at least one full 
machine cycle to ensure that a given level is saiApled at least 
once before it changes. 

In addition to the Timer or Counter functions, Timer and 
Timer 1 have four operating modes: (13 bit timer, 16 bit timer, 
8 bit auto-reload, split timer). Timer 2 in the AT89C52 has three 
modes of opoation: Capture, Abto-Reload, and baud rate gener- 

lltiftgr^andTlm^ 1 

Timer/Counters 1 and are present in both the AT89CS1 and 
AT89C52. The Timer or Counter fiinction is selected by control 
bits C/T in the Special Function Register TMOD (Figure 6). 
These two Timer/Counters have four operating modes, which 
are selected by bit [»irs (Ml , MO) in TMOD. Modes 0, 1, and 2 
are the same for both Tuner/Counters, but Mode 3 is different 
The four mod^ are described in the foUowing sections. 

Mode 

Both Timers in Mode are 8-bit Counters with a divide-by-32 
prescaler. Figure 7 shows the Mode operation as it applies to 
Timer 1. 

In this mode, the Timer register is configured as a 1 3-bit register. 
As the count rolls over from all Is to all Os, it sets the Timer 
interrupt flag TFl. The counted input is e nabled to the Timer 
when TRl = 1 and either GATE = or INTl = 1. Setting 
GATE = 1 allows the Timer to be controlled by external input 
INTl, to facilitate pulse width measurements. TRl is a control 
bit in the Special Function Register TCON (Figure 8). GATE is 
in TMOD. 

The 13-bit register consists of all 8 bits of Tllland the lower S 
bits of TLl. The upper 3 bits of TLl are indeterminate and 
should be ignored. Setting the run flag (TRl) does not clear the 
registers. 

Mode operation is the s ame for Timer as for Timer 1 , except 
that TRO, TFO and INTO replace the corresponding Timer 1 sig- 
nals in Figure 7. There are two different GATE bits, one for 
Timer 1 (TMOD.7) and one for Timer (TMOD.3). 
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Figure 6. ™OD: Timer/Counter Mode Control Register 
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MO 



Gatin g con trol when set. Timer/Counter x is enabled only 
wtil|e INTx pin Is high and TRx control pin is set. When 
cleared, Timer x is enabled whenever TRx control bit is set. 

Timer or Counter Selector cleared for Timer operation 
(input from internal system clocic). Set for Counter 
opefatlcm (lnptltfrotnTiclnpot'ii|i ■■"■- '■■•■■ ■-> ■' 
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Timer gate bit 
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Mode bit 1 
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Mode 
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Operating Mode 

13-bit Timer Mode. |. , 
8-bit Timer/Counter TH^j((HH > 
5-bit prescaler. 

16-bit Timer Mode. 
16-bit Timer/Counters THx and Tl_x are cascaded; there is no prescaler. 

8-bit Auto Reload. 

8-bit auto-reload Timer/Counter THx holds a value which is to be reloaded into TLx 
each time it overflows. 

Split Timer Mode. 

' (fi*(«'!iff tiO Is an 8-bit Timer/Counter controllddf! 
bits. THOM an 8-bit tlm^ only contrblled by Timer 



*AT8952 only 



Timer SFR " 


Purpose •J*l'«»'ff 




Bit-Addressable 


TCON 


— — .- !T ■yM'-r-wt — 

Control 


^^■ ^i'h .. 


Yes 


TMOQ 


Mode 


89H ., ., 


No 




Timer low-byte • 


8AHi >d l ..ijiiJ icri.T 


No 


Ti'i • '• ' 


Timer 1 low-byte 


bbH ' •<»ilT m^V 


No ■■' 


THO 


Timer high-byte 


8CH "^'^'r*!"""^ 


No 


TH1 


Timer 1 high-byte 


8DH . 


No 


T2C0N' 


Timer 2 control 


C8H 


Yes 


T2MOD* 


Timer 2 Mode 


C9H 1 


No 


RCAP2L' 


Timer 2 low-byte capture 


CAH 


No 


HCAraH' 


Timer 2 high-byte capture 


CBH 


No 


Tl.2* 


Timer 2 low-isyte 


CCH ^cj,:^. ii 


No ,.■(,_ 


TH2* 


Timer '2 high-byte 


CDH 


NP 



1 
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Fignre 7. Timer/Counter 1 Mode 0: 13-Bit Counter 
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Figure 8. runw/Counto 1 Mode irtfi-Bit tonnAf 
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Model 

Mode 1 is the same as Mode 0, except that the Timer register is 
run with all 16 bits. The clock is applied to the combined high 
and low timer registers (TLl/THI). As clock pulses are re- 
ceived, the timer counts up; OOOOH, OOOIH, 0002H, etc. An 
overflow occurs on the FFFFH-to-OOOOH overflow flag. The 
timer continues to count. The overflow flag is the TFl bit in 
TCON that is lead or mnVan by software. See Figure 8. 

Mode 2 

Mode 2 conflgures the Timer register as an 8-bit Counter (TL 1 ) 
with automatic reload, as shown in Figure 9. Overflow from 
TLl not only sets TFl , but also reloads TLl with the contents of 
THl, which is preset by software. The reload leaves THl un- 
changed. Mode 2 operation is the same for Timer/Counter 0. 

Figure 9. Timer/Counter 1 Mode 2; 8-Bit Auto-Reload /. 



TF1 



Ovettlow 
Bag 

Mode 3 

Timer 1 in Mode 3 simply holds its count. I^e e%ct is the s^gje 
as setting TRl =0. 

Timer in Mode 3 establishes TLO and THO as two separate 
counters. The logic for Mode 3 on Timer is_ shown in Figi 
ure 10 . TLO uses the Timer eonti:ol bits: C/T, GATE, TRO, 
INTO, and TFO. THO is locked into a timer function (counting 
machine cycles) and over the use of TRl and TFl from Timer 1. 
Thus, THO now controls die Timer 1 interrupt. ^ 
Mdd6 3 iS'ftV afftlieations requiring an 6Ktra 8-bit timer or 
counter. With Ttn&r ($ in Mode 3, the AT89CS1 can appear to 
have three Hmra/Countas, and an AT89C52, can ^pear to 
have four. When Timer is in Mode 3, Timer 1 can be turned on 
and off by switching it out of and into its own Mode 3. In this 
case. Timer 1 can still b|B .u^ ^y the serial port as a baud rate 
generator or in any application not requiring an intemipL 
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Figure 10. Timer/Counter Mode 3: Two 8-Bit Counters 
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Figure 11. TCON: Tima'/Cdai)|lei^o|prtB^»a» 
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TF1 TC0N.7 Timer 1 overflow flag. Set by fiardware on Timer/Counter overflow. Cleared by hardware when 

processor vectors to interrupt routine. 

TR1 TCON.6 Timer 1 run control bit. Set/cleared by software to turn Timer/Counter on/off. 

TFO TC0N.5 Timer overflow flag. Set by hardware on Timer/Counter overflow. Cleared by hardware when 

processor vectors to intenupt routine. ' ■ 

TRO TC0N.4 Timer run control bit. Set/cleared by software to turn Timer/Counter on/off. 

IE1 TCON.3 interrupt 1 edge flag. Set by hardware when external interrupt edge detected. Cleared when 

interrupt processed. 

IT1 TCON.2 Interrupt 1 type control bit. Set/cleared by software to specify falling edge/low level trigger^ 

external Interrupts. 

lEO TCON.1 Intenupt edge flag. Set by hardware when'^aMrttl ktfwmpt cdges^MeetMi^'OMMOd when- 

Inierrupt processed. 

ITO TCON.O Internjpt type control bit. Setftdeared by software to s|jscify faW^ . ecQalloiiil. 4svel ti^^ 

external Intemipts. 



Timer 2 

Timer 2 is a 16-bit Timer/Counter present only in the AT89C52. 
This is a powerful addition to the other two just discussed. Five 
extra special function registers are added to accommodate Timer 
2 which are: the timer registers, TL2 and TH2, the timer control 
register, T2CON, and the capture registers, RCAP2L and 
RCAP2H. Like Timers and 1 , it can operate either as a timer 
or as an event counter, depending on the value of bit C/T2 in the 
Special Function Register T2CON (Figure 12). Timer 2 has 
three operating modes; capture, auto-reioad, and baud rate gen- 
erator, which are selected by bits in T2CON, as shown in Table 
2. 



Table 2. Timer 2 Operation Modes 



RCLK + TCLK 


CP/RL2 


TR2 


Mode 








1 


16-bit Auto- 
Reload 





1 


1 


16-bit Capture 


1 


X 


1 


Baud Rate 
Generator 




X 





(off) 
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Figure 12. T2CON Timer/Couater 2 Control Register 
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(MSB) 



TCLK 



TR2 
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TF2 T2CON.7 
EXF2 T2COM.6 

RCLK T2CON.5 



T2CQN.4 



EXEN2 T2CON.3 



T2CON.2 
lijCON.I 



CP/RL2 T2CON.0 



, Tliner 2 overflow flag set by a Timer 2 overflow and must be cleared by software. TFZ will not be 
set when either RCLK = 1 orTCLK = 1. ' - - i 

t 

Timer 2 extemal flag set when either a capture or reload is caused by a negative transition on T2EX 
and EXEN2 = 1 . When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector to the 

Timer 2 interrupt routine. EXF2 must be cleared by software. 

Receive clocl< flag. When set. causes the serial port to use Timer 2 overflow pulses for its receive 
dock in Modes 1 , 3 and Timer 1 provides transmit baud rate. RCy< = causes Timer 1 overflow 
to be used for the receive clocl<. 

Transmit clock flag. When set, causes the serial port to use Timer 2 overflow pulses for its transmit 
clock in Ivlodes 1 , 3 and Timer 1 provides transmit baud rate. TCLK = causes Timer 1 overflows 
to be used for the transmit clock. 

Timer 2 external enable flag. When set, allows a capture or reload to occur as a result of a negative 
transition on T2EX if Timer 2 Is not twing used to dock the serial port. EXEN2 = causes Timer 2 
to ignore events at T2EX. 

.StarVstop control for Timer 2. A k>gk; 1 starts the timer. 

Timer or counter select. (Timer 2) 
0= Internal timer (OSC/12) 
1 = External event counter (falling edge triggered). 

Capture/Reload flag. When set, captures will occur on negative transitions at T2EX if EXEN2 = f . 
VWien cleared, auto-reloads will occur eitherwith Timer 2 overflows or negative transitions at T2EX 
when EXEN2 = 1 . When either RCLK = 1 or TCLK s 1 , this bit is ignored and the timer Is forced to 
aijtorwioad on Timer 8 maiSif^^ 



In the Capture Mode, the EXEN2 bit in T2CON selects two op- 
tions. If EXEN2 = 0, then Timer 2 is a 16-bit timer or counter 
whose overflow sets bit TF2, the Timer 2 overflow bit, which 
can be used to generate an interrupt. If EXEN2= 1, then Timer 2 
performs the same way, but a 1-to-O transition at external input 
T2EX also causes the current value in the Timer 2 registers, TL2 
and TH2, to be captured into the RCAP2L and RCAP2H regis- 
ters, respectively. (RCAP2L and RCAP2H are new Special 
Function Registers in the AT89C52.) In addition, the transition 
at T2EX sels the EXF2 bit ilimSQINi aHi BXE^^W^'gm 
generate an interrupt. 

The Capture Mode is illustrated in Figure 13. 

In the auto-reload mode, the EXEN2 bit in T2CON also selects 

two options. If EXEN2 = 0, then when Timer 2 rolls over it sets 

TP2 and also reloads the Timer 2 registers with the 16-bit value 

in the RCAP2L and RCAP2H registers, which are jneset by 

software. If EXEN2 = 1, then Timer 2 performs the same way, 

but a 1-to-O transition at external input T2EX also trigg«s the 

16-bit reload and sets EXF2. 

The auto-reload mode is illustrated in Figure 14. 



The baud rate generator mode is selected by RCLK = 1 and/br 
TCLK = 1 . This mode is described in conjunction with the serial 

port. (Figure 17) 

■ ■■ ■■■ •!■■ '' ■" 

Serial Interface 

The serial port is full duplex, which means it can transmit and 
receive simultaneously. It is also receive-buffered, which means 
it can begin receiving a second byte before a previously received 
byte has been read from the receive register. (However, if the 
first byte still has not been read when reception of the second 
byte is complete, one of the bytes will be lost.) The serial port 
receive and transmit registers are both accessed at Special Func- 
tion Register SBUF. Writii^,tP SBUF loads^the transmit rggiiS: 
ter, and reading {iBUF- accesses a physi^tHy s^aiate {receive 
re^tra. 

tliesaial port can operate in thefollowingfoin- modes: - ' 
Mode 0: Serial data enters and exii& through RXD. TXD outputs 
the shift clock. Eight data bits are transmitted/received, with the 
LSB first. The baud rate is fixed at 1/12 flie oscillator fiequeney. 



Figure 13. Hmer 2 In Capture Mode 
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Mode 1: 10 bits are transmitted (through TXD) or received 
(through RXD): a start bit (0), 8 data bits (LSB first), and a stop 
bit (1). On receive, the stop bit goes into RB8 in Special Func- 
tion Register SCON. The baud rate is variable. 
Mode 2: 1 1 bits are transmitted (through TXD) or received 
(through RXD): a start bit (0), 8 data bits (LSB first), a program- 
mable ninth data bit, and a stop bit ( 1 ). On transmit, the 9th data 
bit (TBS in SCON) can be assigned the value of or I. Or, for 
example, the parity bit (P, in the PSW) can be moved into TBS. 
On receive, the 9th data bit goes into RB8 in Special Function 
Register SCON, while the stop bit is ignored. The baud rate is 
progranunable to either 1/32 or 1/64 the oscillator frequency. 
Mode 3: 11 bits are transmitted (through TXD) or received 
(through RXD): a start bit(0), 8 data bits (LSB first), a program- 
mable ninth data bit, and a stop bit (1). In fact. Mode 3 is tii$ 
same as Mode 2 in all reflects excqjt the baud rate, which is 
variable in Mode 3. J'.'.. 
In all< faoF modes, ttmismiisiciiir is initiated 1^ aayj teNnu^on 
that uskSBUF wftdestination'i^sta. Reception'ig initiated in 
Mode by the condition RI = and REN =: I.>Seeeptien is in- 
itiated in the other modes by the incoming stact titfif ^.t, 

I ill!-' -.:r<i uii 

Multiprocessor Communications 

Miides 2 and 3 have a spedal prdvi^on fi)r iiHrili{iFocessor etm- 
fflunications. In tt^ttiodej j 9 Oaia bili%e ti^ved, fdllbwed 
by astop Ut. The tifith Ut gdes in^imS. Itte^ eoiiiegastot) bit. 
The port can be progranuned such that when the stop bit is le- 
ceived, the soial poit intenupt is activated only if RBg = 1 . TMs 
feature is enabled by setting bit SM2 in SCON. 



The following example shows how to use the serial interrupt for 
multiprocessor communications. When the master processor 
must transmit a block of data to one of several slaves, it first 
sends out an address byte that identifies the target slave. An ad- 
dress byte differs from a data byte in that the 9th bit is 1 in an 
address byte and in a data byte. With SM2 = 1, no slave is 
interrupted by a data byte. An address byte, however, interrupts 
all slaves, so that each slave can examine the received byte and 
see if it is being addressed. The addressed slave clears its SM2 
bit and prepares to receive the data bytes that follows. The slaves 
that are not addressed set their SM2 bits and ignore the data 
bytes. 

SM2 has no effect in Mode but can be used to check the valid- 
ify of the stop bit in Mode 1. In a Mode 1 reception, if SM2 = 1, 
f^^^niejxijfqifl^ is^^a^yaSB^ unless a valid stop bit^is 

Serial Port Control Registier, 

The serial port control and status register is the Special Function 
Register SCON, shown in Figure 15. This register contains the 
mode selection, bits, the 9th data bit for transnut and rec;eive 
cm «A^li>.!«nd ^ int»itiqttrbits m pad ^ „ 
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Figure 14. Timer 2 in Auto-Reload Mode 
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Figure 15. SCON: Serial Port Cofitrol Regi^ 
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Symbol 



Name and Significance 



SCON.7 
SCON.6 
SCON.S 

SCON.4 ' 

SCON.3 

SCON5 

SCON.1 

SCON.O 

Where SMO, 



SMO Serial port mode bit (see table below). ; < , ^ . i- 

SMI Serial port mode bit 1 (see table below). 

SM2 Enables the multiprocessor communication feature in Modes 2 and 3. In Mode 2 or 3, if SM2 is set to 1, 

then Rl will not be activated if the received 9th data bit (RB8) is 0. In Mode 1 , if SM2 = 1 , th^ Rl will not 
be activated If a valid stop bit was not received. In Mode 0, SM2 should be 0. 

REN " Enables serialreception. Set by software to enable reception. Clear by software to dlsiU>le reception. 

TB8 The9thdatabitthatwillbetiBnsmitledinMades2and3.Setorclsarby8oflwarB. 

RB8 lnModes2and3,the9thdatabitthatwasfecaivedr|nMode1,ifSM2=0,RB8te1li9elc)pbitthatwas 
received. In Mode 0, RB8 is not used. 

TI Transmit Interrupt flag. Set by hardware at the end of the 8th bit time in Mode 0, or at the beginning of 

the stop bit In the other modes, In any serial transmissioji. Must be cleared by software. 

Rl Receive interrupt flag. Set by hardware at the end of th? 8th bit lime in Mode 6,.or ha|f»ay_ttiraugh the , 

stop bit time in the other modes, in any serial reception (except see ^M2). Must be cleared ^ s^^iore. 

SMI specify the seri^ port mode, as follows^ 
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9-blt UART 


variable (set t>y timer) 



Baud Rates 

The baud rate in Mode is fixed as shown in the following equa- 



Mode BaudRate : 



Oscillator Frequency 

12 



The baud rate in Mode 2 depends on the value of the SMOD bit 
in Special Function Register PCON. If SMOD = (the value on 
reset), the baud rate is 1/64 of the oscillator fiequency . If SMOD 
= 1 , the baud rate is 1/32 of the oscillator frequency, as shown in 
the following equation. 

2SMOD 

Mode 2 BaudRate = — — x (Oscillator Frequency 

In the AT89CS 1 , the Hmer 1 overflow rate detenniiies the baud 
rates in Modes 1 and 3. In the ATg9CS2, these bead m^mmko 
determined by Timer 1, by Timer 2, or by both (One fiar tai^iit 
and the other for receive). 

Using Timer 1 to Generate Baud Rates 

When Timer 1 is the baud rate generator, the baud rates in 
Modes 1 and 3 are determined by the Timer 1 overflow rate and 
tfie vehie of SMOD accffidiag to-the foUow«geqiutai. 

jSMOD ^ 

X (Timerl OviBriew J 



Modes 1, 3 
Baud Rate = 



32 



The Timer 1 interrupt should be disabled in this application. The 
Timer itself can be configured for either timer or counter opera- 
tion in any of its 3 running modes. In the most typical applica- 
tions, it is configured for timer operation in auto-reload mode 
(high nibble of TMOD = OOlOB). In thU ea##, dte baOE^tnie^ 
given by the the following formula. ' 

Modes 1, 3 2^^°° Oscillator Frequency 
' BaudRate = m * 12x [256- (THl)] 



Programmers can achieve Vfey low baud rates with Timer 1 by 
leaving the Timer 1 interrupt enabled, configuring the Timer to 
run as a 16-bit timer (high nibble of TMOD = OOOIB), and using 
the Timer I interrupt to do a 16-bit software reload. 

Figure 16 lists commonly used baud rates and how they can be 
obtained from Timer 1. 

Using Ttmer 2 to Generate Baud Rates 

In the AT89C52, setting TCLK and/or RCLK in T2CON selects 
Timer 2 as the baud rate gnoator (Figure 11). Under these con- 
ditions, the baud rates for transmit and receive can be simultane- 
ously different. Setting RCLK and/or TCLK puts Timer 2 into 
its baud rate generator mode, as shown in Figure 17. 
The baud rate generator mode is similar to the auto-reload mode, 
in that a rollover in TH2 reloads the Timer 2 registers with the 
16-bit value in the RCAI^ and R.CAiP% registers, which are 
preset by software. 

In this case, the baud rates in Modes 1 and 3 are determined by 
the Timer 2 overflow rate according to the following equation. 

Timer 2 Overflow Rate 



Modes 1 , 3 Baud Rate = 



16 



Timer 2 can be configtired for either timer or counter operation. 
In the most typical applications, it is configured for timer opera- 
tion (C/T2 = 0% Normally, a timer increments every machine 
cycle (thus at 1/12 the oscillator frequency), but timer operation 
is a different fw Timra 2 when it is used as a baud rate generator. 
As a baud rate ^neratOr, "nmer 2 inctements every state time 
(thus at 1/2 the oscillator frequency). In this case, the baud rate 
B|^n by the following fiitmula. 

Modes 1, 3 Oscillator Frequency 



■r 



Baud Rate = 32x |65S36 - (RCAP2H, RCAP2L)] 



where (RCAP2H, RCAP2L) is the content of RCAP2H and 
RCAP2L taken as a 16-bit unsigned integer. 



Figure 16. Commonly Baud R&t 
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Figure 17. Timer 2 in Baud Rate Geoieai^itfy^ i a- r. m 
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Figure 17 shows Timer 2 as a baud rate generator. This figure is 
valid only if RCLK + TCLK = 1 in T2CON. A rollover in TH2 
does not set TF2 and does not generate an interrupt. Therefore, 
the Timer 2 interrupt does not have to be disabled when Timer 2 
is in the baud rate generator mode. If EXEN2 is set, a 1-to-O 
traitsition in T2EX sets EXF2 but does not cause a reload from 
(RCAP2H, RCAP2L) to (TH2, TL2). Thus, when Timer 2 is 
used as a baud rate generator, T2EX can be used as an extra 
external interrupt. 

When Timer 2 is running (TR2 = 1 ) as a timer in the baud rate 
generator mode, programmers should not read from or write to 
TH2 or TL2. Under these conditions. Timer 2 is incremented 
every state time, and the results of a read or write may not be 
accurate. The RCAP registers may be read, but should not be 
written to, because a write might overlap a reload and cause 
write and/or reload errors. Turn Timer 2 off (clear TR2) before 
accessing the Timer 2 briRCAP registers, in &is caSis. 

More About Mode 

Serial data enters and exits through RXD. TXD outputs the shift 
clock. Eight data bits are transmitted/received, with the LSB 
fttsL TTie baud rate is fixed at 1/12 the oscillator frequency. 
Figure 18 shows a simplified functional digram of the serial 
port in Mode and associated timing. 

Transmission is initiated by any instruction that uses SBUF as a 
destination register. The "write to SBUF' signal at S6P2 also 
loads a 1 into the ninth position of the transmit shift register and 
tells the TX Control block to begin a transmission. The internal 
timing is such that one Aill machine cycle will elapse between 
"write to SBpF" and aedvation of SWD. 



SEND transfers the output of the shift register to the alternate 
output function line of P3.0, and also transfers SHIFT CLOCK 
to the alternate output function line of P3. 1 . .SHIFT CLOCK is 
low during S3, S4, and S5 of every machine cycle, and high 
during S6, S 1 , and S2. At S6P2 of every machine cycle in which 
SEND is active, the contents of the transmit shift register are 
shifted one position to the right. 

As data bits shift out to the right, Os come in from the left. When 
the MSB of the data byte is at the output position of the shift 
register, the 1 that was initially loaded into the ninth position is 
just to the left of the MSB, and all positions to the left of that 
contain Os. This condition flags the TX Control block to do one 
last shift, then deactivate SEND and set Tl. Both of these actions 
occur at SlPl of the tenth machine cycle after "write to SBUF." 
Reception is initiated by the condition REN = 1 and Rl = 0. At 
S6P2 of the next machine cycle, the RX Control unit writes the 
■bits 1 1 1 1 1 1 1 to the receive shift register and activates RE- 
CEIVE in the next clock phase. 

RECSVE enables SHIFT CLOCK to the alternate output func- 
tion line of P3.1. SHIFT CLOCK makes transitions at S3P1 and 
S6P1 of every machine cycle. At S6P2 of every machine cycle 
in which RECEIVE is active, the contents of the receive shift 
register are shifted one position to the left. The value that comes 
in &om the right is the value that was sampled at the P3.0 pin at 
SSP2 of the same machine cycle. 

As data bits come in from th$rigl|ti Is shift out to the left When 
the that was initially loaded into the right-most position arrives 
at the left-most petition in the shift register, it flags the RX Con- 
trol block to do one last shift and load SBUF. At S IPl of the lOth 
niachine cycle aft^ the write to SCON that cleared RI, RE- 
CEIVE is cleared and RI is set. , 



Figue 18. Serial Pent Mode 
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F^re 19. Serial Port Mtxte 1 . TCLK, RCldK ^aUmer 2 are Present m the ATOCSZ Only. 
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More About Mode 1 ' ' ' " •• 

Ten bits are transmitted (through TXD), m teemed Qtei^igl) 
RXD): a start bit (0), 8 data bits (LSB firai), and a st^ (1) 
On receive, the stop bit goes into SB8 ia SCON. In the 
AT89CS1, the baud rate is determined l%.4K.&ier 1 overflow 
rate. In the ATg9CS2 the baud rate is ^etmBme$ m&m by the 
Timer 1 overflow rate, the Timer 2 tmtSem ntt, or both . In 
this case, one Hmer is for transmit, and the oAer is for receive. 
Figure 19 shows a simplified functional diagram of the serial 
port in Mode 1 and associated timings for transmit and receive. 

Transmission is initiated by any instruction that uses SBUF as a 
destination register. The "write to SBUF" signal also loads a I 
into the ninth bit position of the transmit shift register and flags 
the TX Control unit that a transmission is requested. Transmis- 
sion actually commences at SIPI of the machine cycle follow- 
ing the next rollover in the divide-by- 16 counter. Thus, the bit 
times are synchronized to ihe divide-by- 16 counter, not to the 
"write to SBUF" signal. 

The transmission begins when SEND is activated, which puts 
the start bit at TXD. One bit time later, DATA is activated, 
which enables the output bit of the transmit shift register to 
TXD. The first shift pulse occurs one bit time after that. 
As data bits shift out to the right, Os are clocked in from the left. 
When the MSB of the data byte is at the output position of the 
shift register, the 1 that was initially loaded into the ninth posi- 
tion is just to ihe left of the MSB, and all positions to the left of 
that contain Os. This condition flags the TX Control unit to do 
one last shift, then deactivate SEND and set TI. This occurs at 
the tenth divide-by- 16 rollover after "write to SBUF." 
Reception is initiated by a l-to-0 transition detected at RXD. For 
this purpose, RXD is sampled at a rate of 16 times the estab- 
lished baud rate. When a transition is detected, the divide-by-16 
counter is immediately reset, and IITH is written into the input 
shift register. Resetting the divide-by-16 counter aligns its roll- 
overs with the boundaries of the incoming bit times. 
The 16 states of the counter divide ea<^ Wt tee ittte I6ths. At 
the seventh, eighth, and ninth counter states of i^KA bittime, the 
bit detector samples the value of RXD. The«lh]e ii(£epted is the 
value that was seen in at least 2 of the 3 samples. This is done to 
reject noise. In order to reject false bits, if the value accepted 
during the first bit time is not 0, the receive circuits are reset and 
the unit continues looking for another l-to-0 transition. If the 
start bit is valid, it is shifted into the input shift register, and 
reception of the lest of the frame proceeds. 

As data bits come in from the right. Is shift out to the left. When 
the start bit arrives at the leftmost position in the shift register, 
(which is a 9-bit register in mode 1), it flags the RX Control 
block to do one last shift, load SBUF and RBg, and set RI. The 
signal to load SBUF and RBg and to set RI is generated if, and 
only if, the following conditions are met at the time the final 
shift pulse is generated. 

1) RI = Oand 

2) Ethw SM2 = 0, or the received stop bit = 1 



Ut0mettl^mtm>cc«i^6em is not met, the received frame is 
toettteva^ lost If bodi conditions are met, the stop bit goes 
into RBg, the ^ bite go ittto SBUF, and RI is activated. At 
this time, whefef or not flie above conditions are met, the unit 
continues looking for a l-to-0 transition in RXD. 

More About Modes 2 and 3 

Eleven bits areVafismitted (through TXD), or received (through 
RXD): a start bit (0), 8 data bits (LSB first), a programmable 
ninth data bit, and a stop bit (1). On transmit, the ninth data bit 
(TB8) can be assigned Uie value of or 1. On receive, the ninth 
data bit goes into RB8 SCCM. The baud rate is programmable 
to.sj^ei:J^jM: 1/64 if flie oscillator frequency in Mode 2. 
Mode 3 may have a viable baud rate generated from either 
Timer 1 or 2, depending on the state of TCLK and RCLK. 

Figures 20 and 2 1 show a functional diagram of the serial port 
in Modes 2 and 3. The receive portion is exactly the same as in 
Mode I. The transmit portion differs from Mode 1 only in the 
ninth bit of the transmit shift register. 

Transmission is initiated by any instruction thai uses SBUF as a 
destination register. The "write u> SBUF" signal also loads TBS 
into the ninth bit position of the transmit shift register and Hags 
the TX Control unit that a transmission is requested. Transmis- 
sion commences at SIPI of the machine cycle following the 
next rollover in the divide-by- 1 6 counter. Thus, the bit times are 
synchronized to the divide-by-16 counter, not to the "write to 
SBUF" signal. 

The transmission begins when SEND is activated, which puts 
the start bit at TXD. One bit tiine later, DATA is activated, 
which enables the output bit of the transmit shift register to 
TXD. The first shift pulse occurs one bit time after that. The first 
shift clocks a 1 (the stop bit) into the ninth bit position of the 
shift register. Thereafter, only Os are clocked in. Thus, as data 
bits shift out to the right, Os are clocked in from the left. When 
TBS is at the output position of the shift register, then the stop 
bit is just to the left of TBS, and all positions to the left of that 
contain Os. This condition flags the TX Control unit to do one 
last shift, then deactivate SEND and set TI. This occurs at the 
1 1th divide-by-16 rollover after "write to SBUF." 
Reception is initiated by a 1 -to-0 transition detected at RXD. For 
this purpose, RXD is sampled at a rate of 16 times the estab- 
lished baud rate. When a transition is detected, the divide-by-16 
counter is immediately reset, and IFFH is written to the input 
shift register. 
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Hgure 20. Serial Port Mode 2 ^iir,5.*:}t>tTAott«»- . • >. . ■<■ ■-.: 
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Figure 21. Serial Port Mode 3. TCLK, RCLK, and Tmna 2 are Bnesetit te AT89CS2 only 




nWHITETOgBUF 



Jl n n n n ii_ 



~ | SEND 



_n_ 



TXD 

•n 



STAHTBIT 



STOP BIT GEN 
, RX 

_ILEi55Ln_ 



+ 16 RESET 

-t n 



RXD - 



JsTOPBIT " 



_n n n n_ 



.B IT DErECTOBSAKPui TIMES n m ttm Mil ttM nHH imH nnn nnn nn n n n n 

' SHIFT n n n n n n n n n n 



2-58 AT89 Series Harciware,Q^Miptieii"« 



AT89^eries Hardware Description 



At the seventh, eightti and nindi counter states of eacjh bk tune, 
thebit 'deteetCH' samples the value of RXD. The value aceepted 
is the value that was seen in at least 2 of the 3 samples. If the 
vahie apcepted during the first bit time is not 0, the receive cir- 
cuits ar^ reset a^d the unit continues looking for another l-to-0 
tisi^ifioii. If^ttn: stact,M^{9pyes y^d,4t is shifted into the input 
^lifit!«g^^e^, iec^i{^>i),of:^ rest of tlje frame proceeds. 
As data bits epine ill from the right. Is shift out to the 
the start bit arriyiBS at the leftmost position in 'the.$hifi register 
(which in Mode; 2 and 3 is a 9-bit reenter), it flags the RX Con- 
trol block to do one last shift, load SBUF and RB8, and set RI. 
The signal to load SBUF and RB8 and to set RI is generated if, 
and only if, the following conditions are met at the time the final 
^ift pulse is generated: 

1) RI = 0,and 

2) Either SM2 = or the received 9th data bit = 1 

If either of these conditions is not met, the received frame is 
irretrievably lost, and RI is not set. If both conditions are met, 
the received ninth data bit goes into RB8, and the first 8 data bits 
go into SBUF. One bit time later, whether the above conditions 
were met or not, the unit continues looking for a l-to-0 transition 
at the RXD input 

Note that the value of the received stop bit is irrelevant to SBUF, 
RB8,orRI. l>' 'bnsH : r^tqunctfn; vjoH 



Interrupts 

The AT89CS 1 provides 3 intamipt seurccis: two external inter- 
rupts, two tint^ interiif)ts,:>aiid la, serial |jott, intsnipt; 
AT89CS2 fcovides 6. witti tbe ^ttra timer. T^w»«ie shown ig 
EigdtB-22., ■ I,.. ■ " ■ t,. .'I- ' ■> ... iq 

The External fiifianiptslNTO andlNTlcaii eadH be dtter tev^ 
actrvatedxir tiaBsilioitMaettV9tBd.depei^i4g.oa bits mQandlTl 
in Register TCON. The flags that actually generate these inter- 
rupts are the JED and lEl bits in TCON. When the service rou- 
tine is vectored to, hardware clears the flag that generated an 
ext^nal interrupt only if the interrupt was transition-activated. 

mterrupt was levd'-activated,'ffien the external requesting 
source (rather than the on-chip hardware) controls the request 
flSg. 

TTie Timer and Timer 1 Interrupts are generated by TPO and 
TFI, which are set by ai roBover in their respective 
TUnra/Counter registers (except for Timer in Mode 3). When 
a timer interrupt is generated, the on-chip hardware clears the 
flag that generated it when the service routine is vectored to. 
The Serial Port Interrupt is generated by the logical OR of RI 
and TI. Neither of these flags is cleared by hardware when the 
service routine is vectored to. In fact, the service routine nor- 
mally must determine whether RI or TI generated the intcmipt, 
and the bit must be cleared in software. 

In the AT89C52, the Timer 2 Interrupt is generated by the logi- 
cal OR of TF2 and EXF2. Neither of these flags is cleared by 
hardware when the service routine is vectored to. In fact, the 
service routine may have to determine whether TF2 or EXF2 
generated the interrupt, and the bit must be cleared in software. 



Figure 22. Interrupt Sources 
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All of the bits that generate interrupts can be set or cleared by 
software, with the same result as though they had been set or 
cleared by hardware. That is, interrupts can be generated and 
pending interrupts can be canceled in software. 

Figure 23. IE: Interrupt Enable Register 
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Enable bit = 


disables it. 




Symbol 


Position 


Function 


EA 


IE.7 


Global enable/disable, disables all 
interrupts. If EA = 0, no interrupt will be 
acknowledged. If EA = 1 , eacfi intemipt 
source is individually enabled or disabled 
by setting or clearing its enable bit. 




IE. 6 


Undefined/reserved. 


ET2 


IE.5 


Timer 2 interrupt enable bit. (AT89C52) 


ES 


IE.4 


Serial Port Interrupt enable bit. 


ET1 


IE.3 


Timer 1 interrupt eniible bit. 


EX1 


IE.2 


External Interrupt 1 enable bit. 


ETO 


IE.1 


Timer interrupt enable bit. 


EXO 


lE.O 


External intenupt enat>le bit 


User software should never write 1 s to unlmplemented bits, since Ihey 
may be used in future AT89 Series products. 
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Figure 24. IP: Interrupt Priority Register 



(MSB) 



(LSB) 







PT2 


PS 


PT1 


PX1 


PTO 


FXO 



Priority bit = 1 
assigns high 
priority. 

Priority bit = 
assigns low priority. 



Symbol 


PosMon 


Function 




1P.7 


lafeeiyBji. 




ip.6 


reserved 


PTZ 


IP.5 


Tiltier 2 Interrupt priority bit. 


PS 


IP.4 


_ Serial Port Interrupt priority bit 


PT1 


< - 

IP.3 




PX1 


IP.2 


External Interrupt 1 priority talt. 


PTO 


IP.1 ^ 1 


Tinier interrupt priority bit. 


PXO 


IP.0 


External Interrupt priority txt. 



User softMiareshould ne^r writs 1 s to unlmpleMeMl^fi^ ttice they 
laay l» used in futureprodU!!!)^ 



Each of these intemipt sources can be individually enabled or 
disabled by setting or clearing a bit in Special Function Register 
IE (intemipt enable) at address OA8H. As well as individual 
'enable Iiits'fOT e!k:h interrupt source, there is a global enable/dis- 
iable bit lhat is cieaied to disable all interrupts or set to turn on 
4ntem^& Figuie23). 

Figure 23 shows that bit position IE.6 is unimtileinented. U the 
'AT89CS1, bit position IE.S is also unimpieiiwiited. Us» se^l- 
ware should not write Is to tti^ bit posita^Mee ttggwy 
be used in fiiture microcontroiiers. Wf»"(p 

Priority Level Structure 

Each interrupt source can also be individually programmed to 
one of two priority levels by setting or clearing a bit in Special 
Function Register IP (interrupt priority) at address 0B8H (Fig- 
ine 24). IP is cleared after a system reset to place all interrupts at 
the^Hwtiot priority level by default. A low-priority interrupt can 



(lowest) 

slruclure is only used to 



be interrupted by a liigii-priority interrupt but not by another 
low-priority interrupt A liigli-priority interrupt can not be inter- 
rupted by any other interrupt source. 

If two requests of different priority levels are received simulta- 
neously, the request of higher priority level is serviced. If re- 
quests of the same priority level are received simultaneously, an 
internal polling sequence determines which request is serviced. 
Thus within each priority level there is a second priority struc- 
ture determined by the polling sequence, as follows. 
Source Priority Within Level 

1. ffiO (highest) 

2. TFO 

..pi . . .... 

4. IFl 

5. M + Tt 

6. tPZ'^B^Sl;''" 
Note that the "priority within leve 
resolve simultaneous requests of the same priority level. 

The IP register contains a number of unimplemented bits. IP. 7 
and IP.6 are vacant in the AT89C52, and in the AT89C5 1 these 
bits and IP.5 are vacant. User software should not write Is to 
these bit positions, since they may be used in future products. 

■ ■ 'e. 

How Interrupts Are Handled 

The interrupt flags are sampled at S5P2 of every machine cycle. 
The samples are polled during the following machine cycle. The 
AT89C52 Timer 2 intcnupl cycle is dill'ereni. as described in 
the Response Time Section. If one of the flags was in a set con- 
dition at S5P2 of the preceding c\cle. the polling cycle will find 
it and the interrupt system will generate an LCALL to the appro- 
priate service routine, provided this hardware generated LCALL 
is not blocked by any of the following conditions. 

1 . An interrupt of equal or higher priority level is already in 
jx'ogress. 

2. The current (polling) cycle is not the final cycle in fce 
execution of the insU'uction in progress. 

3. The instruction in progress is RETT or any write to the IE or 
IP registers. 

Any of these three conditions will block the generation of the 
LCALL to the interrupt service routine. Condition 2 ensures that 
the instruction in progress will be completed before vectoring to 



Figure 25. Interrupt Re^nse Uming Diagram 
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This is the fastest possible i»9panse«)henC2 is the final cycle of an InstrucBon other ttam or an access to IE or IP. 
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any service routine. Condition 3 ensures tliat if theiji^jii5|lpn in 
progress is RETI or any access to IE or IP, then at leasfdne more 
instruction will be executed before any interrupt is vectored to. 

The polling cycle is repeated with each machine cycle, and the 
values polled are the values that were present at S5P2 of the 
previous machine cycle. If an active interrupt flag is not being 
serviced because of one of the above conditions and is not still 
active when the blocking condition is removed, the denied inter- 
rupt will not be serviced. In other words, the fact that the inter- 
rupt flag was once active but not serviced is not remembered. 
Every polling cycle is new. 

The polling cycle/LCALL sequence is illustrated in Figure 25. 
Note that if an interrupt of higher priority level goes active prior 
to S5P2 of the machine cycle labeled C3 in Figure 25, then in 
accordaAce with the above rules it will be serviced during C5 
and C6, without any instruction of the lower priority routine 
having been executed. 

Thus, the processor acknowledges an interrupt request by exe- 
cuting a hardware-generated LCALL to the appropriate servic- 
ing routine. In some cases it also clears the flag that generated 
the interrupt, and in other cases it does not. It never clears the 
Serial Port or Timer 2 flags. This must be done In the user's 
software. The processor clears an external interrupt flag (lEO or 
lEl) only if it was transition-activated. The hardware-generated 
LCALL pushes the contents of the Program Counter onto the 
stack (but it does not save the PSW) and reloads the PC with an 
address that depends on the source of the interrupt being serv- 
iced, as shown in the following table. 



Interrupt 


Source 


Vector Address 


External 


lEO 


0003H 


Timer 


TFO 


OOOBH 


External 1 


IE1 


001 3H 


Timer 1 


TF1 


001 BH 


Serial Port 


Rl or Tl 


0023H 


Timer 2 


TF2orEXF2 


002BH 


System Reset 


RST 


OOOOH 



NOTE: When vectoring to an interrupt the flag that caused 
.,{' , , : tb^ inteniipt is-autpma^csiUy cleaied by hardware. 

The exceptions are RI and TT for serial port interrupts, 
and TF2 and EXF2 for Timer 2 intemipts. Since there 
are two possible sources for each of these interrupts, it 
is not practical for the CPU to clear the interrupt flag. 
These bits must be tested in the ISR to determine the 
source of the intemipt, and then the mteirupting flag, 
a' .< is Clewed software. 

Execution proceeds from that location until the RETI instruction 
is encountered. The RET! instruction informs the processor that 
this interrupt routine is no longer in progress, then pops the top 
two bytes from the stack and reloads the Program Counter. Exe- 
cutioB of the interrupted propam continues from where it left 
off. 



Note that a simple RET instruction would also have returned 
execution to the interrupted program, but it would have left the 
interrupt cohtrdl Siystem thipiti^^' intemipt was still in pro- 
gress. ' 



Interrupt Flag Bits 



Interrupt 


Flag 


SFR Register and 
Bit Position 


External 


lEO 


TC0N.1 






TCON.3 


Timer 1 


TF1 


TCON.7 


Timer 


TFO 


TC0N.5 


Serial port 


Tl 


SC0N.1 


Serial port 


Rl 


S(X)N.O 


Timer 2 


TF2 


T2CON.7 (AT89C52) 


Timer 2 


EXF2 


T2CON.6 (AT89C52) 



When an interrupt is accepted the following action occurs: 

1. The current instruction completes operation^ 

2. The PC is saved on the stack. 

3. The current interrupt status is saved internally. 

4. Interrupts are blocked at the level of the interrupts. 

5. The PC is loaded with the vector address of the ISR (intecr 
rapt service routine). 

6. The ISR executes. 

The ISR executes and takes action in response to the interrupt. 
The ISR finishes with RETI (return from interrupt) instnfclion. 
This retrieves the old value of the PC fix>m die stack and restores 
the old intemipt status. Execution of the main program conumes 
wha^itlefidfn • ' 

External Interrupts 

The external sources can be programmed to be level-activated or 
transition-activated by setting or clearing bit ITI or ITO in Reg- 
ister TCON. If ITx = 0, external interrupt x is triggered by a 
detected low at the INTx pin. If ITx = 1, external interrupt x is 
edge-triggered. In this mode if successive samples of the INTx 
pin show a high in one cycle and a low in the next cycle, inter- 
rupt request flag lEx in TCON is set. Flag bit lEx then requests 
the interrupt. 

Since the external interrupt pins are sampled once each machine 
cycle, an input high or low should hold for at leasi 1 2 oscillator 
periods to ensure sampling. If the external interrupt is transition- 
activated, the external source has to hold the request pin high for 
at least one machine cycle, and then hold it low for at least one 
machine cycle to ensure that the transition is seen so that inter- 
rupt request flag lEx will be set. lEx will be automatically 
cleared by the CPU when the service routine is called. 
If the external interrupt is level-activated, the external source 
has to hold the request active until the requested interrapt is ac- 
tually generated. Then the external source must deactivate the 
request before the interrupt service routine is completed, or else 
another interrapt will be generated. 




Response Time 

The INTO and INTl levels ar^ myerted and latched into the in- 
terrupt flags lEO and lEl at S51'2 of every machine cycle. Simi- 
larly, the Timer 2 flag EXF2 and the Serial Port flags RI and TI 
are set at S5P2. The values are not actually polled by the cir- 
cuitry until the next machine cycle. 

The Timer and Timer 1 flags, TFO and TFl, are set at S5P2 of 
the cycle in which the timers overflow. The values are then 
polled by the circuitry in the next cycle. However, the Timer 2 
flag TF2 is set at S2P2 and is poUed jn-llwr^jwirfyiitf which 
the timer overflows. 

If a request is active and conditions are right for it to be acknow- 
ledged, a hardware subroutine call to the requested service rou- 
tine will be the next instruction executed. The call itself takes 
two cycles. Thus, a minimum of three complete machine cycles 
elapsed between activation of an external interrupt request and 
the beginning of execution of the fu'st instruction of the service 
routine: Kgtire 25 shows interrupt response timings. 
A longer response time results if the request is blocked by one 
of the 3 previously listed conditions. If an interrupt of equal or 
higher priority level is already in progress, the additional wait 
time depends on the nature of the other interrupt s service rou- 
tine. If the instruction in progress is not in its final cycle, the 
additional wait time cannot be more than 3 cycles, since the 
longest instructions (MUL and DIV) are only 4 cycles long. If 
the instruction in progress is RETI or an access to IE or IP, the 
additional wait time cannot be more than 5 cycles (a maximum 
of one more cycle to complete the instruction in progress, plus 4 
cycles to complete the next instruction if the instruction is MUL 
orDIV). , . 

Thus, in a single-intemipt system, the respcHisetli^^alw^; 
more dian 3 cycles and less than 9 cycles. 



Single-Step Operation 

The AT89C51 interrupt structure allows single-step execution 
with very little software overhead. As previously noted, an inter- 
rupt request will not be serviced while an interrupt of equal pri- 
ority level is still in progress, nor will it be serviced after RETI 
until at least one other instruction has been executed. Thus, once 
an interrupt routine has been entered, it cannot be re-entered un- 
til at least one instruction of the interrupted program is executed. 
One way to use this feature for single-stop operation is to pro- 
gram one of the external interrupts (for example, INTO) to be 
level-activated. The service routine for the interrupt will termi- 
nate with the following code. 

JNB P3.2,$ ;Wait Here Till INTO Goes High 
JB P3.2,$ ;Now Wait Here Till it Goes Low 
RETI ;Go Back and Execute One Instruction 

If the INTO pin, which is also the P3.2 pin, is held normally low, 
the CPU will g o righ t into the External Interrupt routine and 
stay there until INTO is pulsed (from low to high to low). Then 
it will execute RETI, go back to the task program, execute one 
instruction, and immediately reenter the External Interrupt 
routine to await the next pulsing of P3.2. One step of the task 
program is executed each time P3.2 is pulsed. 

Reset 

The reset input is the RST pin, which is the input to a Schmitt 

Trigger. 

A reset is accomplished by holding the RST pin high for at least 
two machine cyel«$ (24 oscillator periods), while the oscillatot 
is running. The CPU responds by generating an internal reset, 
with the timing show n in Figure 26. 

The external reset signal is asynchronous to the internal clock. 
The RST pin is sampled during State 5 Phase 2 of every machine 
cycle. The port pins will maintain their current activities for 19 
oscillator periods after a logic I has been sampled at the RST 
pin; that is, for 19 to 31 oscillator periods after the external reset 
signal has been applied to the RST pin. 

While the RST pin is high, ALE and PSEN are weakly pulled 
high. After RST is pulled low, it will take I to 2 machine cycles 
for ALE and PSEN to start clocking. For this reason, other de- 
vices can not Bfe' l^ p ^f niZeii io tine internal timings of the 

AT89C5I. ' " ■ 



Driving the ALE and PSEN pins to while reset is active could 
cause die device to go into an indeterminate state. . 
The internal reset algorithm writes Os to^l.the Si^ except the 
poEt latches, the Stack Pointer, and SBUF. The poit latches are 
initialized to FFH, the Stack Pointer to 07H, and SBUF is inde- 
terminate. Table 3 lists the SFRs and their reset values. 
The internal RAM is not affected by reset. On power-up the 
RAM content is indeterminate. 



WM: There is no internal pulldown reset pin on NMOS devices, 
unlike that ^ Atom's CMOS iiucrocontroller devices. 
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Figare 26. Reset Timing 
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SAMPLE RST 



^ INST ^ADDR^^ INST ^ACpR^ INST j^ADDR^ INST j^ADDR^^ INST 
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Power-On Reset 

For CMOS devices, the external resistor can be reinoved be- 
cause the RST pin has an internal pulldown. The capacitor value 
can then be reduced to I \i¥ in Figure 27. 
When power is turned on, the circuit holds the RST pin high for 
an amount of time that depends on the capacitor value and the 
rate at which it charges. To ensure a valid reset, the RST pin 
must be held high long enougb to aJ^ow. tt^-oscillater^i? |t^,^ 
plus two machine cycles. 

On power-up, Vcc should rise within approximately 10 ms. The 
oscillator start-up time depends on the oscillator frequency. For 
a 10 MHz crystal, the start-up time is typically 1 ms. For a 1 
MHz crystal, the start-up lime is typically 10 ms. 
With the given circuit, reducing Vcc quickly to causes the 
RST pin< voltage to momentarily fall below V. However, this 
voltage is infernally limited and will not harm the device. 
' Note: The port pins will be in a random state until the oscilla- 
tor has started arid the infiimal reset algorithm has 
written Is to them. 
, Powering up the device without a valid reset could 

cause the CPU to start executing instructions from an 
indeterminate location. This is because the SFRs, spe- 
cifically the Program Counter, may not get properly 
initialized. 



Slgnie 27. Power-On Reset Circuit 
Vcc 




8.2Kn 



Power-Saving Modes of Operation 

The Atmel Microcontrollers have two power-reducing modes. 
Idle and Power Down. The input through which backup power 
is supplied during these operations is Vcc- Figure 28 shows the 
internal circuitry which implements these features. In the Idle 
mode (IDL = 1 ), the oscillator continues to run and the Interrupt, 
Serial Port, and Timer blocks continue to be clocked, but the 
clock signal is gated off to the CPU. In Power Down (PD = 1 ), 
the oscillator is frozen. The Idle and Power Down modes are 
activated by setting bits in Special Fimction Register PCON. 
The address of this tepsK^ is 87H. Figtoe 29 itetaife its cottleiits. 
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Table 3. Reset Values of the SFRs 





nosai VHIU9 


PC 


nnnnw 

uuuun 


ACC 


OOH 


3 


OOH 


PSW 


OOH 


SP 


07H 


DPTR 




P0-P3 


FFH 


IP /ATRQPm ^ 


YYYfMVWiR 




YynnnnnnR 




nYYnnnnnR 

UAAUUUUUD 




nynnnnnnR 

UAUUUUUUD 


TMOD 


OOH 


1 ^MUU 1 09L>3£} 


VYYVYYrmn 

AAA A A A VAJO 


TCON 


uun 




uun 


1 HU 


uun 


TLO 


OOH 


TI41 


uun 


TL1 


OOH 


XLio / AToae^ci\ 
I r\£ [f\ 1 oUKjOd] 


OOH 


Tl 9 /ATttQr'R9\ 
1 Lii 1 osLfO^ I 


uun 


RCAP2H (AT89C52) 


OOH 


RCAP2L (AT89C52) 


OOH 


SCX)N 


OOH 


SBUF 


Indetermfriate 


PCON(C»IM06) 





The signal at the RST pin clears the IDL bit directly and asyn- 
chronously. At this time, the CPU resumes program execution 
from where it left off; that is, at the instruction following the one 
that invoked the Idle Mode. As shown in Figure 26, two or three 
machine cycles of program execution may take place before the 
internal reset algorithm takes control. On-chip hardware inhibits 
access to the internal RAM during this time, but access to the 
port pins is not inhibited. To eliminate the possibility of unex- 
pected outputs at the port pins, the instruction following the one 
that invokes Idle should not write to a port pin or to external data 
RAM. 
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INTERRUPi; 

o SEn/uipCwn; 
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Idle Mode { 

An instruclioii that sets PCX>N.O is the tmt iiisttii0tiiin »ecated 
before the Idle mode begins. In the Idle modlB^te anennl ctoPk 
signal is gated off to the CPU, but not to the "Wmet, 
and Serial Port functions. The CPU status is preserved in its en- 
tirety: the Stack Pointer, Program Counter, Program Status 
Word, Accumulator, and all other registers maintain their data 
during Idle. The port pins hold the logical states they had at the 
time Idle was activated. ALE and PSEN hold at logic high lev- 
els. 

There are two ways to terminate the Idle. Activation of any en- 
abled interrupt will cause PCON.O to be cleared by hardware, 
terminating the Idle mode. The interrupt will be serviced, and 
following RBTI the next instruction to be executed will be the 
one following the instruction that put the device into Idle. 
The flag bits GFO and GFl can be used to indicate whether an 
interrupt occurred during normal operation or during an Idle. 
For example, an instruction that activates Idle can also set one or 
bo^^l^g bits. Whpn Idle is tominated by ag interrupt, the inter- 
rupt service routine can examine the flag bits. 
The other way of terminating the Idle mode is with a hardware 
reset. Since the clock oscillator is still running, the hardware re- 
set must be held active for only two machine cycles (24 oscilla- 
tor periods) to complete the reset. 



Figure 29. PCON Power Control Register 



(MSB) 



(LSB) 



SMOD 








GF1 


GFO 


PD 


IDL 



Symbol 



Position Function 



SMOD PCON.7 Double Baud rate bit. When set to a 1 
and Timer 1 is used to generate baud 
rate, and the Serial Port is used in 
modes 1, 2, or 3. 

— PC0N.6 (Resewed) 

— PCON.S (Resewed) 

— PCON.4 (Reserved) 

GF1 ■) P(X)N.3 General-purpose flag bit. 

GFO PC0N.2 General-purpose flag bit. 

PD PC0N.1 Power Down bit. Setting this bit activates 

power down operation. 

IDL PCON.O Idle mode bit. Setting tfiis bit activates 

idle mode operation. 

If Is are written to PD and IDL at the same time, PD takes 
precedence. The reset value of PCON Is (OXXXOOO). 
User software shoukl never write Is to unimplemented bits, since they 
mey to used tl Mum produels. 
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Tdtle 4. Flash ATg9CS 1 and AT89CS2 



Device Name 


Flash Bytes 


CktType 


VPP 


Time Required to Program Entire Array 


AT89C51 


4 K 


CMOS 


12V 


6 seconds 


AT89C52 


8K 


CMOS 


12 V 


12 seconds 



Power Down Mode 

An instruction that sets PCON 1 is the last instruction executed 
before Power Down mode begins. In the Power Down mode, the 
on-chip oscillator stops. With the clock frozen, all functions arc 
slopped, but the on-chip RAM and Special Function Registers 
are held. The po rt pins output the values hej|tJ^p|^^||^^^v« 
SFRs. ALE and PSEN output lows. 

The only exit from Power Down for the AT89CC5 1 is a hard- 
ware reset. Reset redefines all the SFRs but does not change the 
on-chip RAM. 

In the Powei' Down mode of operatioli, Vcc can be reduced to 
as low as 2V. . However, Vcc must not be reduced before the 
Power Down mode is invoked, and Vcc must be restored to its 
normal operating level before the Power Down mode is termi- 
nated. The reset that terminates Power Down also frees the os- 
cillator. The reset should not be activated before Vcc is restored 
to its normal operating level and must be held active long 
enough to allow the oscillator to restart and s^ilize (ncmnidly 
less than 10 msec). 

Programming 

The on-chip Flash allows the program memory to be lepto- 
grammed in-system or by a conventional nonvolatile memory 
programmer. A list of programming companies that support At- 
mel's products can be foiud on the Atmel Bulletin Board and in 
the Microcontroller Progranmier Support section of this Data 
Book. To access the bulletin board, dial 408-436-4309. 



The AT89C5 1/52 programs at VPP = 1 2 V using one 1 00-msec 
PROG pulse per byte programmed. This results in a program- 
ming time of approximately 1.5 msec per byte, for a total pro- 
gramming time of 6 sec for the 4 Kbyte device and 12 sec for the 

8Kbyte device. 

Detailed procedures for pto^amming and verifying each device 

are given in the data sheets. 

Program l\/lemory Loclcs 

In some microcontroller applications, the program memory 
must be secure from software piracy. Atmel has responded to 
this need by implementing a program memory locking scheme 
in all of its devices. While it is impossible for anyone to guaran- 
tee absolute security against all levels of technological sophisti- 
cation, the program memory locks present a substantial barrier 
against illegal readout of protected software. 
The procedure for programitiing th6 lock bits is detailed in the 
data sheets. 

Table 5 lists the Lock Bits and their cotrespondiag effects on the 
microcontroller. 

Erasing the Flash also erases the Lock Bits, returning be micro- 
controller to full functionality. 



Table 5. Program Lock Bits and Their Fra&ves 



Program Lock Bits 


Protection Type 


Mode 


LB1 


LB2 


LBS 


1 


U 


U 


U 


Kin nmnram Ifvt^ f^otiifAC 

inu prouraiii luuv iBaiurco 
enaBBoT " 


2 


P 


U 


u 


WOV/f^ inctri i^*tinnQ 

IVIVa/Vw IIIOllUV«llV/ll9 

executed from external 
program memory are 
disabled from fetching 

code bytes from internal 
memory, EA is sampled 
and latched on reset, and 
further programming of 
the Flash is disabled. 


3 


P 


P 


u 


Same as 2, also verify Is 
disabled. 


",4 




P 


p 


Same as 3, also external 
execution is disabled. 



P = Programmed U = Unprogrammed 

Any other combination of the Lock Bits is not defined. 

Table 6. Program Protection 



Device 


Lock Bits 


AT89C51 


LSI, LB2, LB3 


AT89C52 


LB1.LB2, LB3 


AT89C2051 


•■^"^'-£fef:t82 

U 1' .j">"l- 


AT89C1051 


LB1,LB2 



When Lock Bit 1 is programmed, the logic level at the EA pin is 
sampled and latched during reset. If the device is powered up 
without a reset, the latch initializes to a random value, and holds 
that value until reset is activated. The latched value of EA must 
agree with the current logic level at that pin in order for the de- 
vice to fiinction properly. 

ONCE™ Mode 

The ONCE ("on-circuit emulation") mode facilitates testing and 
debugging of systems using the device without requiring the de- 
vice to be removed from the circuit Hie ONCE mode is invoked 
by taking the following steps. 

1. Pull ALE low while the device is in reset «nii:^Ki$f^; 

2. Hold ALE low as RST is deactivated. 



Wbile the device is in ONCE mode, the Port pins go in to a 
fleatrslRle) 804 (110 other peit pms and ALE and PSEN are 
w^XJiiii^fe®^ remains active. While 

ttf^ij^ ^Btijg modb, an emulator or test CPU can be used 
Wimel^^teA A leset restores normal operation. 

On-chip Osclllirtors 

Tke eqfSHi specifications aad o^iacitance values (C 1 and C2 in 
Figine 3X1) ate not oitical. 30 pF can be used in these positions 
at any frequency with good quality crystals. A ceramic resonator 
can be used in place of the crystal in cost-sensitive applications. 
When a ceramic resonator is used, CI and C2 are normally se- 
lected to be of somewhat higher values, typically, 47 pF. The 
Manufocturer pf the ceramic resonator should be consulted for 
reeOifinmfindiiflb^ on (hs values of these capacitors. 
In general, crystals used with these devices typically have the 
following specifications. 

ESR (Equivalent Series Resistance) see Figure 3 1 
C^p j^Shunt Capacitance) 7 .0 pF max. 

r ijOt^ioadC^parataace) 30p¥ + 3i^ 

''■Brive Level I mW 



Mency, tolerance and temperature range are determined by 




Figure 30. Using the On-Oiip Oscillator 
vcc 

TO INTERNAL 

' ! .a 




XT3U.1---{JXTAL2 

QUART CRYSTAL 
OR CERAMIC 
RESONATOR 




f%Bre 31. ESR versus I^ueaey 




H 1 1 h 

4 e 12 16 

CRYSHU. FAEQUBICY li MHz 
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AT89 Series Hardware Description 



The on-chip oscillator circuitry showi^in Figure 32, consists of To drive the parts with an external clock source, apply the exter- 
a single stage linear invnter intended for use as a crystal-con- nal clock signal to XTALl, and leave XTAL2 floating, as 
trolled, tic^itive reactance 6scillai6r. '* shown in Figure 33. 



B^itte m On-Chip Oscillator Circuitry for fte AT89C5 1 



400 C 
XTALl □ VW 




Note: In Atmel's CMOS microcontrollers the Oscillator 



1331 differs from that in NMOS versions. 
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Figure 33, Using an BxSemii Clock Source 



NC- 



EXTERNAL 
OSCILLATOR 
SIGNAL 



CMOSQATE f 



AT89 
XTAL2 
XTAL1 
GND 



Internal Timing 

Figwes 34 tbrou^ 37 show_^ various strobe and port sigi^ls 
beii^ cloctEBd internally, liw ngures do not show rise and fall 
times of Ibe sigjials, nor do tbey show propagation delays be- 
tween the XTAL signal and events at other pins. 
Rise vn^i^^iii^s^ are dependent on the external loading tliat 
each pin must drive. They are often taken to be about 10 ns, 
measured between 0.8 V and 2.0 V. 

Propagation delays are different for different pins. For a given 
pin the delays vary with pin loading, temperature, Vcc, and 
manufacturing lot. If the XTAL waveform is taken as the timing 
reference, propagation delays may vary from 25 to 125 ns. 
The AC Timings section of the data sheets do not reference any 
timing to the XTAL waveform. Rather, they relate the critical 
edges of control and input signals to each other. The timings 
published in the data sheet include the effects of propagation 
delays under the specified test conditions. 
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mmmmmmmmmmmmmmmmc ^1*89 Series Hmrdware Description 

Figiire 34. E3(Jft«sJ Progrto Memoiy Petete* i-jV. „: , , , ;' ■ ' •, • 



I STATE 1 1 STATE 2 1 STATE 3 1 STATE 4 1 STATE 5 1 STATE 6 1 STATE 1 1 STATE2| 
|P1|P2|P1|P2|P1|P2|P1|P2|P1|P2|P1|P2|P1|P2|P1|P2| 



-P8! 




4— SAMPLED 




SAMPLED — ^ 




4- SAMPLED 




POL 
OL(T 






POL 
OUT 






PCL 
OUT 























Fignre ExteiisalCata Memc^ BU^ Cyc)^ 



|STATE4|STATE 5| STATE 6|STATE 1 I STATE 2| STATE 3 1 STATE 4 1 STATE 5 1 
|pi|P2|pi|P2|pi|P2|pi|P2|pi|P2|pi|P2|pi|P2|pi|P2| 



m 



DATA SAMPLED - 



DPLORRI 
OUT 



PCL OUT IF 
PROGRAM MEMORY 
■ IS EXTERNAL 



FLOAT 




POHOR 
P2SFR 



DPH OR P2 SFR OUT 



PCHOR 
P2SFR 



Elgnre 36. Extmal Data Metnoiy Write Cycle 



I STATE 4| STATE 5| STATE 6| STATE 1 1 STATE 2| STATE 3| STATE 4| STATE 5| 
|P1|P2|P1|P2|P1|P2|P1|P2|P1|P2|P1|P2|P1|P2|P1|P2| 

1_ 



PCL OUT IF 
PROGRAM MEMORY 



POHOR 
P2SFR 



1 DPLORRI 

1 9^ 


DATA OUT 


PCL 
OUT 




' \ 1 '1 









DPH0RP4SFR0OT 



Figure 37. Port Operation 



STATE 4 STATE 5 STATE 6 STATE 1 STATE 2 STATE 3 STATE 4 STATE 5 
|pi|P2|pi|P2|pi|P2|pi|P2|pi|P2|pi|P2|pi|P2|pi|P2l 



.5. , II 



INPUTS SAMPLED: 



po. pi.pa,p3 

RST 



MOV PORT, SRC: , OLDDAtA 



SERIAL PORT 
SHIFT CLOCK 
(MOOED) 



J 



—►I l^—RXDPM SAMPLED RtPSMiPLB] — >| \4— 
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Instruction Set 



Microcontroller Instruction Set 

For interrupt response time information, refer to the hardware description chapter. 



Instructions that Affect Flag Settings 



(1) 



Instruction 


C 


Flag 
OV 


AC 


Instruction 


C 


Flag 

OV AC 


ADD 


X 


X 


X 


CLRC 







ADDC 


X 


X 


X 


CPLC 


X 




SWBB 


t 

X 


r 


X 


ANL'd,l)H 


X 




MUL 


o 


X 




ANL C,/bit 


X 




DIV 


o 


X 




ORL Cbit 


X 




DA 


X 






ORLCIjif 


X 




RRC 


X 






MOV Cbit 


X 




RLC 


X 






CJNE 


X 




SETB C 


1 













Note '1. Operations on SFR byte address 208 or bit addresses 
209-2 1 5 (tfiat is, Uie PSW or bits in the PSW) also 
affect flag setting. 



Instruction Set 



The Instruction Set and Addressing Modes 



nn 


Register R7-R0 of the currently selected Register Bank. 


direct 


8-bit intemdl data location's address. This could be an Internal Data RAM location 
(0-127) or a SFR p.e.. I/O port, control register, status register, etc. (126-255)]. 


em 


6-bit rntemal data RAM location (0-255) addressed Indirectly tt>rough register R1or RO. 


#data 


8-blt constant Included In instruction. 


#data 16 


16-blt constant Included In Instruction. ^ 


addr 16 


1 6-blt destination address. Used by LCALL and UMP. A bnirK^ can be cmjmHdr« within 

the 64 Kbyte Program Memory address space. 


addrll 


1 1-bit destination address. Used by ACALL and AJMP. The branch will be within the 
same 2 Kbyte page of program memory as the first byte of the following instruction. 


rel 


Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. 
Range Is -128 to +127 bytes relative to first byte of the following instruction. 


bit 


_,Direct Addressed bit in Intwnal Data RAM or Special Function Register. 







0509A 








1 


2 


3 


4 


5 


6 


7 





NOP 


JSC 
bn,rel 
[3B. 2C1 


JB 
bit, rel 
[SB, 2C] 


JNB 
bit, rel 
[38, 2C1 


JC 
rdl 
[28, 2C1 


JNC 
ral 
[28, 2C1 


JZ 
rel 
[28, 2C1 


JN2 
rel 
[28. 2C1 


1 


AJMP 

(PO) 
[2B, 2C1 


ACALL 

(PO) 
(28, 201 


AJMP 

(PI) 
[2B, 2C1 


ACALL 

(P1) 
[2B, 2C1 


AJMP 
(P2) 
[28, 2C1 


ACALL 

(P2) 
[28, 2C] 


AJMP 

(P3) 
[2B, 2C1 


ACALL 

(P3) 
[28, 2C1 


2 


UMP 
addr16 
[38, 2C1 


LCALL 
addr16 
[3B,2C1 


RET 
[2C1 


RETl 
[2CJ 


[2B1 


ANL 

dir, A 

[28] 


XRL 

dir, a 
[281 


ORL 
Cbit 

[28, 2C1 


3 


RR 

A 


RRC 

A 


RL 
A 


RLC 
A 


ORL 
dir, #data 
[3B, 2C] 


ANL 
dir, #data 
[3B, 2C] 


XRL 
dir, #data 
[38, 2C1 


JMP ' 
BA + DPTR 
(2C] 


4 


INC 
A 


DEC 
A 


ADD 
A, #data 
[2B1 


ADDC 
A, #data 
[28] 


ORL 
A, #dtila 
pel 


ANL 
A, *data 

[2B1 


XRL 
A,#data 
[281 


MOV 
A.#data 
[28] 


S 


INC 
dir 

[28] 


DEC 
dir 
[2B] 


ADD 
A, dir 
[2B1 


ADDC 
A, dir 
[2B1 


ORL 
A, dir 

[2B] 


ANL 
A, dir 
[281 


XRL 
A, dir 
[28] 


MOV 
dir, #data 
[38, 2C1 


6 


INC 
@R0 


DEC 
@R0 


ADD 
A, @R0 


ADDC 
A, @R0 


ORL 
A. @R0 


ANL 
A, @R0 


XRL 

A, @R0 


MOV 
@R0, @data 
[281 


7 


INC 

eRi 


DEC 
@R1 


ADD 
A. @R1 


ADDC 
A, @R1 


ORL 


ANL 


XRL 
A. dR1 


MOV 
@R1, #data 
[281 


8 


INC 
RO 


DEC 
RO 


ADD 
A, RO 


ADDC 
A, RO 


ORL 

A, RO 


ANL 

A, RO 


XRL 
A. RO 


MOV 
RO, #data 
[28] 


9 


INC 
R1 


DEC 
R1 


ADD 

■ A. R1 


ADDC 
A, R1 


ORL 
A, R1 


ANL 
A, R1 


XRL 
A, R1 


MOV 
R1, #data 
(281 


A 


INC 
R2 


DEC 
R2 


ADD 
A, R2 


ADDC 
A, R2 


ORL 
A, R2 


ANL 
A, R2 


XRL 
A, R2 


MOV 
R2, #dala 
[28] 


B 


INC 
R3 


DEC 
R3 


ADD 
A, R3 


ADDC 
A, R3 


ORL 


ANL 
A,R3 


XRL 
A.R3 


MOV 
R3, #data 
[28] 


C 


INC 
R4 


DEC 
R4 


ADD 
A, R4 


ADDC 

A. R4 


ORL 
A.R4 


ANL 
A.R4 


XRL 
A, R4 


MOV 
R4, #data 
[281 


D 


INC 
R5 


DEC 
R5 


ADD 
A, R5 


ADDC 
A, R5 


ORt. 

A, R5 ' 


ANL 

A.R5 


AnL 
A,R5 


MOV 
R5, #data 
[28] 


E 


INC 
R6 


DEC 
R6 


ADD 
A, R6 


ADDC 
A, R6 


ORL 
A, R6 


ANL 
A, R6 


XRL 
A, R6 


MOV 
R6, #data 
[2B] 


F 


INC 
R7 


DEC 


ADD 

A.R7 " 


ADDC 
A,R7 ~ 


ORL 

a;h7 


ANL 
"A,R7 


XRL 

A; R7 - - 


MOV 
H7,#d!ata 
[2^ 



Key: 

[2B] = 2 Byte, [3B] = 3 Byte, [2C] s 2 Cycle, [4C] = 4 Cycle, Blank = 1 byte/1 cycle 



4 
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Instruction Set 



Instruction Set Summary (Continued) 





8 


9 


A 


B 





D 


E 


F 


L . -Q 


SJMP 
REL 
[28, 2C] 


MOV 
DPTR,# 
data 16 
[3B, 20] 


ORL 
C,/blt 
[28, 20] 


ANL 
C,/bit 
[2B, 20] 


PUSH 

dir 
[28, 2C] 


POP 

dir 
[28, 20] 


MOVX A, 
©DPTR 
[2C] 


MOVX 

ebPTR, A 

[20] 




AJMP 
(P4) 
[28, 2C] 


ACALL 

(P4) 
[28, 20] 


AJMP 
(PS) 
[28, 20] 


ACALL 

(PS) 
[2B, 20] 


AJMP 
(PS) 
[2B, 2C] 


ACALL 

(P6) 
[2B, 20] 


AJMP 
(P7) 
[28, 2C] 


ACALL 

(P7) 
[28, 20] 


1 


ANL 

C, bit 
[28, 2C] 


MOV 
bit, C 
[28, 20] 


MOV 
0, bit 
12B1 


CPL 
bit 
[2B] 


OLR 
bit 
[28] 


SETB 
bit 
[28] 


MOVX 

A, @R0 
[20] 


MOVX 
wRO, A 
[20] 


3 


MOVC A, 
@A + PC 
[ZC] 


MOVC A, 
@A + DPTR 
[20] 


INC 
DPTR 
[20] 


CPL 



CLR 



SETB 



MOVX 
A, QRl 
[20] 


MOVX 

@RI, A 
[20] 


4 


DIV 
A8 
[2B, 4C] 


SUBB 
A, #data 
[2B] 


MUL 
AB 
[40] 


PJNE A, 
#data, rel 
[38, 20] 


SWAP 
A 


DA 
A 


CLR 
A 


CPL 
A 


S 


MOV 
dir, dir 
[38, 20] 


SU88 
A, dir 
[28] 




CJNE 
A, dir, rel 
[38, 20] 


XCH 
A, dir 
[2B1 


DJNZ 
dir, rel 
[3B, 20] 


MOV 
A, dir 
[28] 


MOV 
dir, A 
[28] 


6 


MOV 
dir, @R0 
[2B, 20] 


SUBB 
A, @R0 


MOV 
©RO, dir 
[2B, 20] 


CJNE 
SRO, #data, 
rel 
[38, 20] 


XCH 
A, @R0 


XCHD 
A, ©RO 


MOV 
A, @R0 


MOV 
©RO, A 




MOV 
dir, @R1 
[28, 20] 


SUBB 
A, @R1 


MOV 
@R1, dir 
[28, 2C] 


CJNE 
@R1,#data, 
rel 
[3B, 2C] 


XCH 

A, eRi 


XCHD 
A, ®R1 


MOV 
A, ©R1 


MOV 

eRi, A 


8 


MOV 

dir, RO 
(2B, 20] 


SUBB 
A, RO 


MOV 

RO, dir 
[28, 20] 


CJNE 
RO, #data, rel 
[38, 2C] 


XCH 
A,RO 


DJNZ 
RO, rel 
[28, 2C] 


MOV 
A, RO 


MOV 
RO,A 


9 


MOV 
dir, R1 
[28, 20] 


SUBB 
A, R1 


MOV 
R1, dir 
[28, 20] 


CJNE 
R1, #data, rel 
[38, 20] 


XCH 
A,R1 


DJNZ 
R1, rel 
[28, 20] 


MOV 
A, R1 


MOV 
R1, A 




MOV 
dir, R2 
[2B, 20] 


SUBB 
A, R2 


MOV 
R2, dir 
[2B, 20] 


CJNE 
R2, #data, rel 
[3B, 20] 


XCH 
A, R2 


DJNZ 
R2, rel 
[2B, 2C] 


MOV 
A, R2 


MOV 
R2, A 


B 


MOV 
dir, R3 
[2B, 20] 


SUBB 
A, R3 


MOV 
R3. dir 
[28, 20] 


CJNE 
R3, #data, rel 
[38, 20] 


XCH 
A, R3 


DJNZ 
R3, rel 
[2B, 2C) 


MOV 
A, R3 


MOV 
R3,A 


c 


MOV 
dir, R4 
[28, 20] 


SUBB 
A, R4 


MOV 
R4, dir 
[28, 20] 


CJNE 
n4, ffdata, rel 
[38, 20] 


XCH 
^R4 


DJNZ 
R4, rel 
[28,20] 


MOV 
A,R4 


MOV . 
R4,A 


D 


MOV 
dir, R5 
[2B, 20] 


SUBB 
A, RS 


MOV 

R5, dir 
[2B, 20] 


CJNE 
R5, #data, rel 
[38, 20] 


XCH 
A, R5 


DJNZ 
R5, rel 

[2B, 2C] 


MOV 
A, R5 


MOV 
R5, A 


E 


MOV 
dir, R6 
[2B, 20] 


SUBB 
A, R6 


MOV 
R6, dir 
[2B, 20] 


CJNE 
R6, #data, rel 
[38, 2C] 


XCH 
A, R6 


DJNZ 
R6, rel 
[28, 2C] 


MOV 
A, R6 


MOV 
R6. A 


F 


MOV 
dir, R7 
[28, 20] 


SU88 
A, R7 


MOV 
R7, dir 
[28, 20] 


CJNE 
R7, #data, rel 
[38, 20] 


XCH 
A, R7 


DJNZ 
R7, rel 
[28, 20] 


MOV 
A, R7 


MOV 

R7, A 



key: - 

tanf^ TByte.l'SB] s^-Syie; [2£ii'44cyde; [4C}=4-eycle, Blank = 1 byte/1 cycle 
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Table 1. AT89 Instruction Set Summary' 



Mnemonic 


Descrlptian 


pyte 


Oscillator 
TOriod 


ARITHMETIC OPERATIONS 


ADD 


A,Rn 


Add register to 
Accumulator 


1 


12 


ADD 


A.dlrect 


Add direct byte to 
Accumulator 


2 


12 


ADD 


A @Ri 


Add indirect RAM 
to Accumulator 


1 


12 


ADD 


A,#data 


Add immediate 
data to 
Accumulator 


2 ^ 


"12" 


ADDq 


A,Rn 


Add register to 

rV.A'UI 1 lUldlUI WILT 1 

Carry 


1 


12 


ADDG 


A.direct 


Add direct byte to 
Accumulstor with 
Carry 


2 


12 


ADDQ 


A,@RI 


Add indirect RAM 
to Accumulstor 
with Carry 


1 


12 


AD DC 


A,#data 


Add immediate 
data to Acc with 


2 


12 


SUBB 


A,Rn 


Subtract Register 

frnm Art* u/ith 
iiuiii nuw Willi 

borrow 


1 


12 


SUBB 


A.direct 


Subtract direct 
byte from Acc witii 
borrow 


2 


12 


SUBB 


A,@RI 


Subtract indirect 
RAM from ACC 
with borrow 


1 


12 


SUBB 


A,#ddta 


Subtract 
immediate data 
from Acc witii 
borrow 


2 


12 


INC 


A 


Increment 
Accumulator 


1 


12 


INC 


Rn 


Increment register 


1 


12 


INC 


direct 


Increment direct 
byte 


2 


12 










INC 


@Ri 


Increment direct 
RAM 


1 


12 


DEC 


A 


Decrement 
Accumulator 


1 


12 


DEC 


Rn 


Decrement 
Register 


1 


12 


DEC 


direct 


Decrement direct 
byte 


2 


12 


DEC 


@Ri 


Decrement 
Indirect RAM 


1 


12 



Note: 1 . AU mneraQDics copyri^ted © Intd Corp., 19S0. 



Mnemonic 


Description 


Byte 


Oscillator 
Period 


ARITHMETIC OPERATIONS (continued) 


INC 


DPTR 


Increment Data 
Pointer 


1 


24 


MUL 


AB 


Multiply A & B 


1 


48 


DIV 


AB • 

4- — 


%lde A by B 


1 


48 


DA 


A 


Decimal Adjust 
Accumulator 


1 


12 


LOGICAL qreRATlONS 


ANL 


A,Rh 


AND Register to 

fVJKrXM 1 lUldlv^l 


1 


12 


ANL 


Aidlrect 


AND direct byte to 

niiuUlllUlalUI 


2 


12 


ANL 


A,@RI 


AND indirect RAM 

lU r\LA^Un lUICliL/l 


1 


12 


ANL 


A,#data 


AND immediate 

data to 
Accumulator 


2 


12 


ANL 


direct.A 


AND Accumulator 
to direct byte 


2 


12 


ANL 




AjtO? iijgmediate 
data to direct byte 


3 


24 


ORL 


A,Rn 

1 


OR register to 
Accumulator 


1 


12 


ORL 


A,<lliBrt - 

V'JH 


OR direct byte to 
Accumulator 


2 


12 


ORL 


■w.tfr f 


OR indirect RAM 
to Accumulator 


1 


12 


ORL 


A,#data 


OR immediate 
data to 
Accumulator 


2 


12 


ORL 


direct.A 


OR Accumulator to 
direct byte 


2 


12 


ORL 


direct,#data 


OR immediate 
data to direct byte 


3 


24 


XRL 


A.Rn 


Exclusive-OR 
register to 
Accumulator 


1 


12 


XRL 


A.direct 


Exclusive-OR 
direct byte to 
Accumulator 


2 


12 


XRL 


A.igRi 


Exclusive-OR 
indirect RAM to 
Accumulator 


1 


12 


XRL 


A,#data 


Exclusive-OR 
immediate data to 
^curtiulator 


2 


12 
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Instruction Set 



Table 1. AT89 Instruction Set Summary (continued) 



Mnemonic 


iDescriptlon 


Byte 


Oscillator 
Period 


LOGICAL OPERATIONS (continued) 


XRL 


direct,A 


Exclusive-OR 
Accumulator to 
direct byte 


2 


12 


XRL 


direct,#data 


Exclusivo-OR 
immediate data to 
direct byte 


3 


24 


CLR 


A 


Clear Accumulator 


1 


12 


CPL 


A 


Complement 
Accumulator 


1 


12 


RL 


A 


Rotate 

Accumulator Left 


1 


12 


RLC 


A 


Rotate 

Accumulator Left 
through the Carry 


1 


12 


RR 


A 


Rotate 

Accumulator Right 


1 


12 


RRC 


A 


Rotate 

Accumulator Right 
through the Carry 


1 


12 


SWAP 


A 


Swap nibbles 
within the 
Accumuiato/, 


1 


12 


DATA TRANSFER 


MOV 


A,Rn 


Move register to 
Accumulator 


1 


12 


MOV 


A.direct 


Move direct byte 
to Accumulator 


2 


12 


MOV 


A,@Ri 


Move Indirect 
RAM to 
Accumulator 


1 


12 


MOV 


A,#data 


Move immediate 
data to 
Accumulator 


2 


12 


MOV 


Rn,A 


Move Accumulator 
to register 


1 


12 


MOV 


Rn.direct 


Move direct byte 
to register 


2 


24 


MOV 


Rn,#data 


Move Immediate 
data to register 


2 


12 


MOV 


direct.A 


Move Accumulator 
to direct byte 


2 


12 


MOV 


direct, Rn 


Move register to 
direct byte 


2 


24 


MOV 


directidlraot 


Move direct byte 
to direct 


3 


24 



Mnemonic 


Description 


Byte 


Oscillator 
Period 


DATA TRANSFER (continued) 


MOV 


direct, ORi 


Move indirect 
RAM to direct byte 


2 


24 


MOV 


direct.#data 


Move immediate 
data to direct byte 


3 


24 


MOV 


®Ri,A 


Move Accumulator 
to indirect RAM 


1 


12 


MOV 


@Ri, direct 


Move direct byte 
to Indirect RAM 


2 


24 


MOV 


@Ri,#data 


Move immediate 
data to indirect 
RAM 


2 


12 


MOV 


DPTR,#data16 


Load Data Pointer 
with a 16-blt 
constant 


3 


24 


MOVC 


A,@A+DPTR 


Move Code byte 
relative to DPTR 
to Acc 


1 


24 


Move 


A,©A+PC 


Move Code byte 
relative to PC to 
Acc 


1 


24 


MOVX 


A,@RI 


Move External 
RAM(8-bnaddr) 
to Acc 


1 


24 


MOVX 


A,®DPTR 


Move Exernal 
RAM (16-bit addr) 
to Acc 


1 


24 


MOVX 


@RI,A 


Move Acc to 
External RAM (8- 
bit addr) 


1 


24 


MOVX 


@DPTR,A 


Move Acc to 
External RAM (16- 
bit addr) 


1 


24 


PUSH 


direct 


Push direct byte 
onto stack 


2 


24 


POP 


direct 


Pop direct byte 
from stack 


2 


24 


XCH 


A,Rn 


Exchange register 
with Accumulator 


1 


12 


XCH 


A,dlrect 


Exchange direct 
byte with 
Accumulator 


2 


12 


XCH 


A,@Ri 


Exchange indirect 
RAM with 
Accumulator 


1 


12 


XCHD 


A,@Ri 

1 


Exchange low- 
order Digit indirect 
RAM with Acc 


1 


12 



Mnemonic 


DiMeriptlon 


Byte 


Oscillator 
Period 


BOOLEAN VARIABLE MANIPULATION 


CLR 


C 


Clear Carry 


1 


12 


CLR 


bit 


Clear direct bit 


2 


12 


SETB 


C 


Set Cany 


1 


12 


SETB 


bit 


Set direct bit 


2 


12 


CPL 


C 


Complement Carry 


1 


12 


CPL 


bit 


Complement direct 
bit 


2 


12 


ANL 


Cbit 


AND direct bit to 
CARRY 


2 


24 


ANL 


C^it 


AND complement 
of direct bitto 
Carry 


2 


24 


ORL 


C.bit 


OR direct bit to 
Carry 


2 


24 


ORL 


C^tt 


OR complement of 
direct bit to Carry 


2 


24 


MOV 


Cbit 


Move direct bit to 
Carry 


2 


12 


MOV 


bit,C 


Move Carry to 
direct bit 


2 


24 


JC 


rel 


Jump if Carry is set 


2 


24 


JNC 


rel 


Jump if Carry not 
set 


2 


24 


JB 


bit,rel 


Jump if direct Bit is 
set 


3 


24 


JNB 


bit, rel 


Jump If direct Bit is 
Not set 


3 


24 


JBC 


btt.rel 


Jump if direst Bit is 
set & dear bit 


3 


24 


PROGRAM BRANCHING 


ACALL 


addr1 1 


Absolute 
Subroutine Call 


2 


24 


LCALL 


addrie 


Long Subroutine 
Call 


3 


24 


RET 




Return from 
Subroutine 


1 


24 


RETI 




Return from 
interrupt 


1 


24 


AJMP 


addr11 


Absolute Jump 


2 


24 


UMP 


addr16 


Long Jump 


3 


24 


SJMP 


rel 


Sttort Jump 
(reMiys addr) 


2 


24 



Mnemonic 


DescifptlBn 


Byte 


Oscillator 
Period 


PROGRAM BRANCHING (contMiWii) 


JMP 


*ff A+Ur 1 n 


Jump indirect 
relative to ttie 
DPTR 


1 


24 


JZ 


rel 


Jump if 
Accumulator Is 
Zero 


2 


24 


JNZ 


rel 


Jump if 

Accumulator is Not 
Zero 


2 


24 


CJNE 


A,direct,rel 


Compare direct 
byte to Acc and 
Jump if Not Equal 


3 


24 


CJNE 


A,#data,rel 


Compare 
immediate to Acc 
and Jump if Not 
Equal 


3 


24 


CJNE 


Rn,#data,rel 


Compare 
immediate to 
register and Jump 
if Not Equal 


3 


24 


CJNE 


@Ri,#data,rel 


Compare 
immediate to 
indirect and Jump 
if Not Equal 


3 


24 


DJNZ 


Rn.rel 


Decrement 
register and Jump 
if Not Zero 


2 


24 


DJNZ 


direct, rel 


Decrement direct 
byte and Jump if 
Not Zero 


3 


24 


NOP 




No Operation 


1 


12 



<f-ir:i.,- 



2-76 Instruction Set 



Instruction Set 



Table 2. Inslruction Opcodes in Hexadecimal Order 



Code 


Number 
of Bytes 


Mnemonic 


Operands 


00 


1 


NOP 




01 


2 


AJMP 


(xxJe addr 


02 


3 


LJMP 


code addr 


03 




RR 


A 


04 




INC 


A 


05 




INC 


data addr 


06 




INC 


@R0 


07 




INC 


@R1 


08 




INC 


RO 


09 




INC 


R1 


OA 




INC 


R2 


OB 


^ 


INC 


R3 


OC 





INC 


R4 


OD 


^ 


INC 


R5 i 


OE 




INC 


R6 


OF 


1 

^ 1 


INC 


R7 


10 


3 


JBC 


bit addr, code addr 


11 


2 


ACALL 


code addr 


12 


3 


LCALL 


code addr 


13 




RRC 


A 


14 


^ 


DEC 


A 


15 




DEC 


data addr 


16 




DEC 


@R0 


17 




DEC 


@R1 


18 




DEC 


RO 


19 




DEC 


R1 


1A 





DEC 


R2 


1 B 




DEC 


R3 


1C 




DEC 


R4 


ID 




DEC 


R5 


IE 




DEC 




IF 




DEC 


R7 


20 


3 


JB 


bit addr,code addr 


21 


2 


AJMP 


code addr 



Hex 
Code 


Number 
oi Dytes 


minemonic 


Operands 


22 


1 


RET 




23 


1 


RL 




24 


2 


ADD 


Aiffoaia 


25 




ADD 


Aidata addr 




■j 


ADD 


A @R0 


27 




ADD 


A dRI 


28 


1 






29 


1 


ADD 


A OI 
MpMl 


2A 


1 


ADD 


A,R2 


2B 


1 


ADD 


A,R3 


2C 


1 


ADD 


A, R4 


2D 


1 


ADD 


A,R5 


2E 


1 


ADD 


A,R6 


2F 


1 


ADD 


A,R7 


30 


3 


JNB 


bit addr.code addr 


31 


2 


ACALL 


code addr 


32 


1 


RET! 




33 


1 


RLC 


A 


34 


2 


ADDC 


A,#data 


35 


2 


ADDC 


A,data addr 


36 


1 


ADDC 


A,9R0 


37 


1 


ADDC 


A,@R1 


38 


1 


ADDC 


A,RO 


39 


1 




A B1 


3A 


■| 


ADDC 


A,R2 


3B 


1 


ADDC 


A,R3 


3C 


1 


ADDC 


A,R4 


3D 


1 


ADDC 


A,R5 


3E 


1 


ADDC 


A,R6 


3F 


1 


ADDC 


A.R7 


40 


2 


JC 


code addr 



2-77 



Table 2. Instruction Opcodes in Hexadecimal Order fcc-nlinued) 



Hex 
Code 


Number 
of Bytes 


Mnemonic 


Operands 




Hex 
Code 


Number 
of Bytes 


Mnemonic 


Operands 


41 


2 


AJMP 


code addr 




60 


2 


JZ 


code addr 


42 


2 


ORL 


data addr.A 




61 


2 


AJMP 


code addr 


43 


3 


ORL 


data addr,#data 




62 


2 


XRL 


data addr.A 


44 


2 


ORL 


A,#data 




63 


3 


XRL 


data addr,#data 


45 


2 


ORL 


A,dataaddr 




64 


2 


XRL 


A,«data 


46 




ORL 


A,@RO 




65 


2 


XRL 


A.data addr 


47 




ORL 


A,eR1 




66 




XRL 


A.SRO 


46 




ORL 


A,RO 




67 




XRL 


A,eR1 


49 




ORL 


A,R1 




68 




XRL 


A,RO 


4A 




ORL 


A,R2 




69 




XRL 


A,R1 


4B 




ORL 


A,R3 




6A 




XRL 


A,R2 


4C 




ORL 


A,R4 




6B 




XRL 


A,R3 


4D 




ORL 


A,R5 




60 




XRL 


A,R4 


4E 




ORL 


A,R6 




6D 




XRL 


A,RS 


4F 




ORL 


A,R7 




6E 




XRL 


A,R6 


50 


2 


JNC 


code addr 




6F 




XRL 


A,R7 


51 


2 


ACALL 


code addr -j 




70 


2 


JNZ 


code addr 


52 


2 


ANL 


data addr,A 




71 


2 


ACALL 


code addr 


S3 


3 


ANL 


data addr,#data 




72 


2 


ORL 


Cbit addr 


54 


2 


ANL 


A,#data 




73 


1 


JMP 


SA+DPTR 


55 


2 


ANL 


A, data addr 




74 


2 


MOV 


A,#data 


56 




ANL 


A,eRO 




75. 


3 


MOV 


data addr,#data 


57 




ANL 


A.©R1 




76 


2 


MOV 


eRO.#data 


58 




ANL 


A,Rg 




77 


2 


MOV 


@R1,#data 


59 




ANL 






78 


2 


MOV 


RO,#data 


5A 




ANL 


" , 




79 _ 


2 


MOV 


R1,#data 


5B 




ANL 


A,R3 




7A 


2 


MOV 


R2,#data 


5C 




ANL 


A,R4 




7B 


2 


MOV 


R3,#data 


5D 




ANL 


A,R5 




7C 


2 


MOV 


R4,#dala 


5E 




ANL 


A,R6 




7D 


2 


MOV 


R5,#data 






ANL. 


AW . 




7E 


2 


MOV 


R6,#da«a 



'-Vi 



2-78 Instruction Set 



Instruction Set 



Table 2. Instruction Opcodes in Hexadecimal Order (continued) 



Hex Number 
Code of Bytes 


Mnemonic 


Operands 


7F 


2 


MOV 


R7,#data 


80 


2 


SJMP 


code addr 


81 


2 


AJMP 


code addr 


82 


2 


ANL 


Cbit addr 


83 


1 


Move 


A,eA+PC 


84 


1 


DIV 


AB 


85 


3 


MOV 


data addr data addr 


86 


2 


MOV 




87 


2 


MOV 


data addr ®R1 


88 


2 


MOV 


data addr RO 


89 


2 


MOV 


uoio auui (III 


8A 


2 


MOV 


Hata aH/lr DO 


8B 


2 


MOV ^ ' 




8G 


2 


MOV 


data addr R4 


8D 


2 


MOV 


data addr R5 


8E 


2 


MOV 


data addr R6 


8F 


2 


MOV 


riatn flririr R7 


90 


3 


MOV 


DPTR #data 


91 


2 


ACALL 


code addr 


92 


2 


MOV 


hit arMr CI 

till GIUUI 1 V 


93 


1 


Move 




94 


2 


SUBB 


A tfrlata 
n,(tuciia 


95 


2 


SUBB 




96 


1 


SUBB 


A,6R0 


97 


1 


SUBB 


A,9R1 


98 




SUBB 


A RO 


99 




SUBB 


A,R1 


9A 




SUBB 


A,R2 


9B 




SUBB 


A,R3 


9C 




SUBB 


A,R4 


9D 




SUBB 


A,R5 


9E 




SUBB 


A,R6 


9F 




SUBB 


A,R7 



Hex 
Code 


Number 
of Bytes 


Mnemonic 


ands 


AO 


2 


ORL 


C/bitaddr 


A1 


2 


AJMP 


code addr 


A2 


2 


MOV 


Cbit addr 


A3 


1 


INC 


DPTR 


A4 


1 


MUL 


AB 


A5 




reserved 




A6 


2 


MOV 


@ RO.data addr 


A7 


2 


MOV 


@R1 .data addr 


A8 


2 


MOV 


RO data addr 


A9 


2 


MOV 


R1 data addr 


AA 


2 


i 

MOV 


R2,data addr 


AB 


2 


MOV 




AC 


2 


MOV 


R4 data addr 


AD 


2 


MOV 


RS.data addr 


AE 


2 


MOV r 


R6 data addr 


AF 


2 


MOV 


R7,data addr 


BO 


2 


ANL 


C,/bltaddr 


81 


2 


ACALL 


codG sddr ."^ 


82 


2 


CPL _ j 


bit addr 


B3 


1 


CPL ■<: 


C 


B4 


3 


CJNE 


A,#data,code addr 


85 


3 


CJNE 


A,data addr.code 
addr 


B6 


3 


CJNE 


addr 


B7 


3 


CJNE 


eR1,#data,code 

addr 


88 


3 


CJNE 


RO,#data,code addr 


89 


3 


CJNE 


R1 ,#data,code addr 


BA 


3 


CJNE 


R2,#data,code addr 


BB 


3 


CJNE 


R3,#data,code addr 


BC 


3 


CJNE 


h-.. ._ jde addr 


BD 


3 


CJNE 


R5,#data,code addr 


BE 


3 


CJNE 


R6,#data,code addr 


BF 


3 


CJNE 


R7,#data,code addr 



2-79 



Table 2. Instruction Opcodes in Hexadecimal Order (continue^ 



Hex 
Code 


Number 
of Bytes 


Mnemonic 


Operands 


CO 


2 


PUSH 


data addr 


CI 


2 


AJMP 


codea^ i 


C2 


2 


CLR 


bttaddr 


C3 




CLR 


C 


C4 




SWAP 


A 


CS 




XCH ■. 


A,data;ai«lr 


C6 




XCH 


A.eRO 


C7 




XCH 


A,@R1 


C8 




XCH 


A,RO 


C9 




XCH 


A,R1 


CA 




XCH 


A,R2 


CB 




XCH 


A,R3 


CC 




XCH V 


A.R4 L 


CD 




XCH 


A,R5 i 


CE 




XCH 


A,R8 


CF 




XCH 


A,R7 


DO 


2 


POP 


data addr 


D1 


2 


ACALL ■ • 


code addr 


D2 


2 


SETS ■• 


Isltaddr 


03 


1 


SETB 


C 


D4 < 


1 


DA 


A 


D5^ 


3 


DJNZ 


I 

dataaddTkCSiii n 

addr 


D6 


1 


XCHD 


A,@RO 


D7 


1 


XCHD - 


A.eRi 


08 


2 


DJNZ 


RO,code addr 


D9 


2 


DJNZ 


R1 ,code addr 


DA 


2 


DJNZ 


B2,code addr 


DB 


2 


DJNZ : 


R3,code addr 


DC 


2 


DJNZ 


R4,code addr 


DD 


2 


DJNZ 


RS.code addr 


DE 


2 


DJNZ 


RS.code addr 


DF 


2 


DJNZ ' 


R7,code addr 



I ii-iinrw.-,. vitnO U . 



Hex 
Code 


Number 
of Bytes 


tiln^fionfc 


Operands 


EO 


1 


MOVX 


A,®DPTR 


E1 


2 


AJMP -.M 


code addr 


E2 




MOVX 


A,®RO 


E3 




MOVX 


A,®R1 


E4 




CLR 


A 


E5 




MOV 


A.data addr 


E6 




MOV 


A,@RO 


E7 




MOV 


A,@R1 


E8 




MOV 


A,RO 


E9 




MOV 


A,R1 


EA 




MOV 


A,R2 


EB 




MOV 


A,R3 


EC 




MOV 


A,R4 


ED 




MOV 


A,R5 


EE 




MOV 


A,R6 


EF 




MOV 


A.R7 


FO 




MOVX -J 


ieDPTR,A 


F1 




ACALL 


code addr 


F2 




MOVX 


ORG, A 


F3 




MOVX 


®R1,A 


F4 




CPL V 


A 


F5 




MOV 


data addr,A 


F6 




MOV 


@RO,A 


F7 




MOV 


eRi,A 


F8 




MOV 


RO,A 


F9 




MOV ^ : 


R1^ 


FA 




MOV 


R2,A 


FB 




MOV 


R3,A 


FC 




MOV 


R4,A 


FD 




MOV 


R5,A 


FE 




MOV 


R6,A 


FF 




MOV 


R7,A 



2-80 Instruction Set 



Instruction Set 



Instruction Definitions 

ACALL addrll 



Function: 



Example: 



Absolute Call 

ACALL unconditionally calls a subroutine located at the indicated address. The instruction increments the PC 
twice to obtain the address of the following instruction, then pushes the 16-bit result onto the stack (low-order 
byte first) and increments the Stack Pointer twice. The destination address is obtained by successively concate- 
nating the five high-order bits of the incremented PC, opcode bits 7 through 5, and the second byte of the 
instruction. The subroutine called must therefore start within the same 2 K block of the prognun m^ory as the 
first byte of the instruction following ACALL. No flags are affected. 

Initially SP equals 07H. The label SUBRTN is at program memory location 0345 H. After executing the fol- 
lowing instruction, 

" fX; . i •. , -SI,:. •• . . 

ACALL SUBRTN 



Bytes: 
Cycles: 
Encoding: 
Operation; 



at location 0123H, SP contains 09H, internal RAM locations OSH and 09H will contain 2SH and OIH, respec- 
tively, and the PC contains 0345H. 

2 

2 



alO a9 a8 1 



a7 a6 aS a4 



a3 a2 a1 aO 



ACALL 

(PC) <- (PC) + 2 
(SP) <- (SP) + 1 
((SP)) ^ (PC7-0) 
(SP) «- (SP) + 1 
((SP)) <- (PCis-b) 
(PCi(H]) <- page address 



2-81 



.J J •'lo'Ao'Si'^n' 



ADD A,<sre-byte> 



Function: Add 

Description: ADD adds the byte variable indicated to the Accumulator, leaving the result ill the lAccttaulator. The carry and 
auxiliary-carry flags are set, respectively, if there is a carry-out from bit 7 or bit 3, and cleared a^f!!^ld$g) Wfaeil 
adding unsigned integers, the carry flag indicates an overflow occurred. 

OV is set if there is a carry-out of bit 6 but not out of bit 7, or a cany-out of bit 7 but not bit 6; otherwise, OV is 
, : j cleared. When adding signed integers, OV indicates a negatiipB qpi^er produced as the sum of two positive 

operands, or a positive sum from two negative operands. 

Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate. 

Eacample: The Accumulator hoids CgSU (11000010), and register hcdds cUAJt'tMoidlOB). The following 

instruction, 



} u 



ADD A,RO 



ADD A,Rn 

Bytes: 1 
Cycles: 1 
Encoding: 



leaves 6DH (01 lOllOlB) in the Accumulator with the AC flag cleared and both the carry flag and OV set to 1 . 



Operation: ADD 

(>M4-(A) + (Rn) 



ADD A.direct 

Bytes: 2 
Cycles: 1 
Encoding: 



Operation: ADD 

(A) «- (A) -I- (direct) 



1 



aa 



direct address 



fH-v 

^ Instruction Set 



Instruction Set 



ADD A,«RI 

Bytes: 1 
Cyetes: 1 
Encoding: 



t 



1 1 i 



Operation: ADD 

(A) ^ (A) + ((Ri)) 



..:r,i, UP?) 



ADO A,«data 



Cycles: 1 
Encoding: 



OpenMon: ADD 

(A) <- (A) + #data 



irhmediate'clata' 



S :»aSYfl 

• j ;. "it.v ■ ■;. 

roi-> 'J 



ADDC A, <sre-l>yt» 



Function: Add with Carry 

Description: ADDC simultaneously adds the byte variable indicated, the carry flag and the Accumulator contents, leaving 
the result in the Accumulator. The carry and auxiliary-carry flags are set respectively, if there is a carry-out from 
bit 7 or bit 3, and cleared otherwise. When adding unsigned integers, the carry flag indicates an overflow 
occiitied. 

OV is set if there is a cairy-out of bit 6 but not out of bit 7, or a carry-out of bit 7 but not out of bit 6; otherwise 
OV is cleared. When adding signed integers, OV indicates a negative number produced as the sum of two 
positive operands or a positive sum &om two negative operands. --iS^'S 

Four source operand addressing modes are allowed: register, direct, register-indirect, or immediate. 

Example: The Accumulator holds 0C3H (1 100001 IB) and register holds OAAH (lOlOlOlOB) with the cany flag set. 
The fidlowing iQstiniitiibfli -y- iff > ■ ' -r.,n-r 

ADDC AJU) 

leaves (01 101 1 lOB) in die Accumulator widi AC cleared and both the Carry flag and 0¥'Sd<l@1'. 



2-83 



AOtJC A,Rn 

Bytes: 1 
Cycles: 1 
Encoding: 



11 



1 r r r 



t 



operation: ADDC 

(A)<-(A) + (C) + (Rn) 



ADDC A,diieet 

Bytes: 2 
Cycles: 1 
Encoding: 



1 1. 



r 



Operation: ADDC 

(A) <- (A) + (C) + (direct) 



ADDC A,eRi 

Bytes: 1 
Cycles: 1 
Encoding: 



11 



1 1 i 



Operation: ADDC 

(A)<-(A) + (C) + {j(Rf» 

T^ilC A,fd8to 

Bytes: 2 
Cycles: 1 



It) ,V Nrt 'to 



Encoding: 1 t 1 Q 



Ope^on: ADDC ■'ifci4i:»A tlH* io,>ju«ntr>/ s<ii <j, (fiOl I it» ti - ■ 

(A) <- (A) + (C) + #data 



^ Instruction Set 



Instruction Set 



AJMP addrll 



Function: 
Description: 



ExMnple: 



Bytes: 
Cycles: 
Encoding: 
Operatton: 



Absolute Jump 

AJMP transfers program execution to the indicated address, which is formed at run-time by concatenating the 
high-order five bits of the PC (after incrementing the PC twice), opcode bits 7 through 5, and ffife second byte 
of the instruction. The destination must therfore be within the same 2 K block of program memory as the first 
byte of the instniction following AJMP. ' t . : 

The label JMPADR is at program memory location 0123H. The following instruction. 



AJMP 



JMPADR 



is at location 034SH and loads the PC with 0I23H. 
2 



alO a9 a8 , 9 Q p 1 



a7 a6 aS ,a4 a3 a2 a1 aO 

—1. I J H -I — i:t '.).^!-.? 



AJIUIP 

(PC)<-(PC) + 2 
(PCi(M>) *- page address 



ANL <dest-byte>,<8rc-byte> ''"^ 

Function: Logieal-AND for byte variables 

Description: ANL performs the bitwise logical-AND operation between the variables indicated and sti»i$$th^t!psults in the 
destination variable. No flags are affected. 

The two operands allow six addressing mode combinations. When the destination is the Accumulator, the 
soim% can use register, direct, raster-indirect, or immediate addressing; when the destinati||i^.,i|^^#«ct ad- 
dress, the source can be the Accumulator or immediate data. 

Note: When this instruction is used to modify an output port, the value used as the original port data will be read 
from the output data latch, not the input pins. 

Example: If the Accumulator holds 0C3H (UOOOOllB), and register holds 55H (OlOlOlOlB), then the following 
instruction, - < • 

ANL A,RO .- ■jK-.y" 

leaves 41H(01d()OOdfB)inffig'/tceix^^ ' , v, 

When the destination is a directly addressed byte, this instruction clears combinations of bits in'any RAM 
location or hardware register. The mask byte determining the pattern of bits to be cleared would either be a 
constant contained in the instruction or a value computed in the Accumulator at run-time. The following 
instruction, 

ANL Pl,«0ni0011B 



clears bits 7, 3, and 2 of ou^ut port 1 . 



ANL AjRn 

Bytes: 1 

Encoding: 



10 1 



Operation: ANL 

(A)«-(A)A(Rn) 



-n, v.ii -.^y' jiii ' •<'.'■ .■<.!18? .1S| 
■i _ : .iffi i. i.-.-.n t-v.' iff .fli.iinnwiii .■! I 
:^:f.\.: :: ■ ,■( n .'r,!ci>iti i ^ , 

Ik 1 -Ml i .K£j.H) -,•: .. .!( . ■!■" rr-r ,,, It, 2; ■■' , iod;.! ■ f .SI'.Of 



1 r r r 



ANL A,dim^ 

Bytee: 2 
^cles: 1 
Encoding: 



il MUit 



Operation: ANL 

(A) <- (A) A (direct) 



ANL A,eRI 



Bytes: 


1 




CyMes: 






Encoding: 


10 1 


Dili 









'(itperafldin: ANL 

(A) <- (A) A ((Ri)) 



ANL A,#data 

Bytes: 2 
Cycles: 1 
Encoding: 



10 1 



1 Q 



■:f ., Opere^n: ANL -,, 

(A)<^(A)Aid?te „. , , , ,;. . 

ANL direct,A 

Bytes: 2 
Cycles: 1 
Encoding: 



10 1 



10 



direct address 



Operation: ANL 

(direct) <r- (dfiwl) A 



Instruction §@t 



Instruction Set 



ANL direct,#data 
Bytes: 3 
- Cycles: 2 
Encoding 



10 1 



11 



direct address 



immediate data 



Operation: ANL 

, (direct) <:-^(direct) .A tfjgtqjpj,,,, . . 



.■4 ■■(fnf i 



Function: 
Description: 



Example: 



Logical-AND for bit variables 

If the Boolean value of the source bit is a logical 0, then ANL C clears the carry flag; otherwise, this instruction 
leaves the carry flag in its current state. A slash ( / ) preceding the operand in the assembly language indicates 
that the logical complement of the addressed bit is used as the source value, but the source bit itself is not 
affected. No other flags are affected. 

Only direct addressing is allowed for te-SbiJrcei opMSBiS. ■•^ : '■' 

Set the cany flag if, and oiily if, PI .0 = 1 , ACC.7 = 1 , and OV = 0: 



ANL C,bit 

Bytes: 
Cycles: 
Encoding: 
Operation: 

ANL C^it 

Bytes: 
Cycles: 
Encoding: 
Operation: 



MOV CPl.O 

ANL, CACC.y 

ANL C,/OV 

2 
2 



;LOAD CARRY WITH INPUT,PIN STAJp. 

;AND CARRY WITH ACCUM, BIT 7 

•,AND WITHINVERSE OF OVBRPLOW H-AQ 



(a '.i.' -r' ■ 



bit address 



ANL - 

{C)<-(C)A (bit) 



1 1 



bit address 



ANL 

(G)<-{c)A n 



(bit) 



CJNE <dMt-byte>,<8rc-byte>, rel 



Fun^on: Compaq and Jump INot Bqnal. 'y ' 

DMCriptlon: CJNE compares the magnitudes of die first two operands and bi^n^es if Hieir values are not equal. The toanch 
destination is computed by adding the signed telative-displacMO^ in file last instructioh byt6'to the PC, after 
, .increoienting the lif^to^ start of the next instruction. Hie capy flt^g is set if the unsigned integer value of 
<dest-byte> is lesKi^KWlssed Ln^ger v;alue of <sn;-byte>; otherwise, the carry is cleared.' N^itber oper- 
and is Ejected. 

The first two operands aUew ftw fiUfeNi^gMl#OpnAii^^ die Aeeibtulatdr may be compared witti any 
directly addressed byte at inmiedfitte ds^ ami any inditeet RAM location or working register can be compared 

with an immediate constant. 

Example: The Accumulator contains 34H. Register 7 contains 56H. The first instruction in the sequence, ■ ■ - 

CJNE R7, # 60H, NOT_EQ ' ■ '» 

; ; R7 = 60H. 

NOT_EQ: JC RECLLOW ; IFR7<60H. 

.■1'^ ; ' . . Tuoi<jflj sii t>j».»» :"i ; R7>60H. 

sets the carry flag and branches to the instruction at label NOT_EQ. By testing the carry flag, this ins&uetion 
determines whether R7 is greater or less than 60H. 

If the data being presented to Port 1 is also 34H, then the following instruction, ' 
WAIT: C3^ ■' ' ' ■ ' ■ ' ■ ■ »" ■ ■ 

clears the carry flag and coniinues with the next instruction in sequence, since the Accumulator does equal 
the data read fiomPl. Qt sos^ q|h^.value was bei^ ii^ rai PI, thp p rujsiaiii loops at (bis point until the PI 
data chffl^ to 34)9.) ' ' ..• .^>. ]i 



CJNE A,direct,rel 
Bytes: 3 
Cycles: 2 
Encoding: 



10 11 



10 1 



direct address 



rel. address 



Operation: (PC) <- (PC) + 3 
IF (A) <> (d/red) 
THEN 

(PC) <- (PC) + mMiva oteet 
IF (A) < (direct) 
THEN 

(C)^1 

ELSE oi.F* I 

(C) 



c e (J 



2^ Instruction Set 



Instruction Set 



CJNE A,#data,rel 
BylM: 3 
Cycles: 2 
Encoding: 



10 11 



10 



Operation: (PC) «- (PC) + 3 
IF (A) <> data 
THEN 

(PC) <- (PC) + relative offset 
IF (A) < data 
THEN 

(C)*-1 
ELSE 

(C)«-0 



immediate data 



rel. address 



CJNE Rn,#data,rel 
Bytes: 3 
Cycles: 2 
Encoding: 



10 11 



1 



Operation: (PC) <- (PC) + 3 
IF(Rn) ocm 
THEN 

(PC) <- (PC) + relative of^ 

IF (Rn) < data 
THEN 

(C)^1 

ELSE 

(C)«-0 



immediate data 



rel. address 



CJNE «Rl,data,ral 
Bytes: 3 
Cycles: 2 
Encoding: 



10 11 



111 



Operation: (PC)*- (PC) + 3 
IF((Ri)) odata 
THEN 

(PC) <- (PC) + re/a/we offisef 
IF ((Rl)) < data 
THEN 

(C)«-l , ait - 
ELSE — 

(C)«-0 



immediate data 



rel. address 



2-89 



io3 nofto'Jit?!iS It ^||jf|E|[ 



CLR A 



Function; Clear Accumulator 
Description: CLR A clears the Accumulator (all Utl setto 0). No flags are affected 



cam A 



6)6h Si;- CE :iri 



leaves die ^leiWiiMw set to OOH ({SQIQQEnfffi}. 
BytoK 1 
Cycles: 1 
Encoding: 



1110 



10 



Operation: CLR 

(A)«-0 



' r 



('1 ■„; .'k'ovi. J ^fli.- 



CLR bit 



Function: Clear bit 

Description: CLR bit clears the indicated bit (reset to 0). No other flags are affected. CLR can operate on the carry flag or 

any directly addressable bit. 

Example: Port 1 has previously been written with 5DH (0101 1 lOlB). The following instruction, ! 



CLR PI. 2 

leaves the port set to 59H (0101 lOOlB). 



1, -» . .M 



CLR C 

Bytes: 1 
Cycles: 1 
Encoding: 



110 



11 



Operation: CLR 

(C)<-0 



CLR bit 

Bytes: 2 
Cycles: 1 
Encoding 



r I C 

t\ > (091 - . 



110 



10 



bit address 



Operation: CLR 

(bit)<-0 



2-90 Instruction Set 



Instruction Set 



CPL A 



Function: 
Description: 

Exampte: 



BylBs: 
- Cyein: 
Encoding: 
Opmation: 



Complement Acciimulator ^ :' >>: 

CPLA logically complements each bit of die Accumulator (one's complement). Bits which pfeviously con- 
tained a 1 are changed to a and vice-v^a. No flags are affected. < 

The Accui^ulator cont^SCH (OlOlllOOB). The following instruction, 
CPL A 



leaves the AccamcUmmitte 0A3H (lOlOOOllB). 
1 



1 



1 1 



1 



CPL 

(A)<-n (A) 



•lij. 'jii: in- !) ■ 



CPl^liit 



Function: 
Description: 



EXBRIpifi: 



Complement bit 

CPL bit complements the bit variable specified. A bit that had been a 1 is changed to and vice-vosa. No other 
flags are affected. CLR can operate on the carry or any directly addressable bit. 

Note: When this instruction is used to lfi6^f^ iiit-dut|)U'^;''ihe'^tle us«l as the original data is read from the 
output data latch, not the input pin. 

Port 1 ha^ previously been written with 5BH (OlOUlOlB). The following instruction, sequence, 
CPL PI. 2 

leaves die port set to SBH (0101 101 IB). 



CPL C 

Bytes: 
Cycles: 
Encoding: 
Operation: 



10 110 11 



CPL 

(c)«-n (C) 



CPL bK 

Byt0s: 2 
Cycles: i 
Encoding: 



1 1 



'1 S 



BlfU IWTjA h' I 



Operation: CPL 

(bit)«-n (bit) 



DA A 



Function: Decimal-adjust Accumulator for Addition 

Desoiptlon: DA A adjusts the eight-bit value in the Accumulator resulting from the earlier addition of two variables (each 
in packed-BCD format), producing two four-bit digits. Any ADD or ADDC instruction may have been used to 
perform die aidffitioiL . < 

If Accumulator bits 3 through are greater than nine (xxxxlOlO-xxxxl 1 1 1), or if the AC flag is one, six is added 
to the Accumulator producing the proper BCD digit in the low-order nibble. This internal addition sets the carry 
flag if a carry-out of the low-order four-bit field propagates through all high-order bits, but it does not cleat the 
cany flag otherwise. 

j_ If the carry flag is now set, or if the four high-order bits now exceed nine (lOlOxxxx-1 1 1 Ixxxx), these high-or- 

der bits are incremented by six, producing the proper BCD digit in the high-order nibble. Again, this sets the 
carry flag if there is a carry-out of the high-order bits, but does not clear the carry . The carry flag thus indicates 
if the sum of the original two,^C3) 

OV is not affected. 

All of this occurs during the one instruction cycle. Essentially, this instruction performs the decimal conversion 
by adding OOH, 068, 60H, or 66H to the Acmmiiilatar, depatMag on initial Accumulator and PSW conditions. 

Note: DA A cannot smply convert a hexadecimal number in tfie Accumulator ti3 BCD notation, nor does DA A 

apply to decimal subtraction. 



2Jaz Instruction Sei 



Example: 



The Accumulator holds the value S6H (OlOlOI lOB), representing the packed BCD digits of the decimal num- 
ber 56. Register 3 contains the value 67H (01 10011 IB), representing the packed BCD digits of the decimal - 
number 67. The carry flag is set. The following instruction sequence 



ADDC 
DA 



A,R3 
A 



first performs a standard two's-complement binary addition, resultiitg is tflf;, value OBIS|[ (101 11 110) in the 
Accumulator. The carry and auxiliary carry flags are cleared. 

The Decimal Adjust instruction then alters the Accumulator to the value 24H ((X)100100B), indicating the 
packed BCD digits of the decimal number 24, the low-order two digits of the decimal sum of 56, 67, and the 
cany-is. The carry flag is set by the Decimal Adjust instiuction, indicatiBg that a dedraid oveiflow occurred. 
The true sum of 56, 67, and 1 is 124. ■ ' ' 

BCD variables can be incremented or decremented by adding OIH or 99H. If the Acciunulator initially holds 
BOH (rqiresenting the digits of 30 decimal); then the following instiuction sequence. 



ADD 
DA 



A,#99H 
A 



leaves the cmiy set and 29H in the Accumulator, since 30 + 99= 129. The low-order byte of the sum can be 
interpreted to mem 30 - 1 = 29. 



Bytes: 1 
Cycles: 1 
Encoding: 



1 



1 



Opacatlon: DA 

-contents of Accumulator are BCD 
IF [r(AM)>9I V [(AC) = 1]] 
THEN (A3-0) «- (A3-0) + 6 
AND 

IF (KA7-4) > 9] V [(C) = IB 
THEN(A7-4)«-(A7-»)-t6 



DEC byte 



ili vTir,'.. s(rr.''i3iBr;. 



Functions Decrement 



De»er]^dn: DEC byte deaWUHts te variable indicated by 1 , An original value of OOH underflows to OFPH. No fli^s are 
affected. Four opertai lnidiessing modes are allowed: accumuletcor, register, direct, or register-indirect. 

Note: When this instruction is used to modify an output port, the value used as the original port data will be read 

from the output data latch, not the input pins. 

Example: Register contains 7FH (01 1 1 1 1 IIB). Internal RAM locations 7EH and 7FH contain OOH and 40H, respec- 
tively. The following instruction sequence. 



DEC 
DEC 
DEC 



@R0 

RO 

@R0 



:Jai,n,.-.ij 



DEC A 

Bytes: 1 
Cycles: 1 
Encoding 



Operation: DEC 

(A)«-(A)-1 



DEC Mn 

Bytes: 1 
CyclM: 1 
Encoding 



Qperaflon: DEC 

(Rn) <~ (Rn) - 1 



2.94 Instruction Set 



Instruction Set 



PEC direct 

Bytes: 
Cycles: 
Encoding; 
Operation: 

DEC mm 



I 'lbs-. 



2 

1 

6 0" 1 



...o , ,i, o: „, i. 



DEC , , 

(direct) <- (direct) - 1 



Cycles: 
Encoding: 
@i^»tion: 



1 



1 1 



.-'-it:.' „ ■'■ " 



;■■,':■.!( 



DEC 

((Ri)) ^ ((Ri)) - 1 



.•'91 ■ 1 ■ ir: ■- ■ ■: 1 .'v; , ;i • . < jf ;n. 



DIV AB 



Function: Divide 
Description 



Example: 



Cycles: 
Encoding: 
Operation: 



DIV AB divides the unsigned eight-bit integer in the Accumulator by the unsign^ eig^t-bit integer in register 
B . The Accumulatar receives the inte^ part of Uie ^flti^; ^ster Bi^^ vol feih^er remainder. The carry 
and OV flags ^ cleared. ' ^- . v- ' 

Exception: it B liad originally contained OOH, the values returned irt the Accumulator and B-register are unde- 
fined and the overflow flag are set. The carry flag is cleared in any case. 

The Accumulator contains 251 (OFBH or 1 II 1 101 IB) and B contains 18 (12H or OOOlOOlOB). The follow- 
ing instaictiw, 5 

DIV AB .« 5 

leaves 13 in the Accumulator (ODH or OOOOIIOIB) and the value 17 (llHorOOOlOOOlB) iflflvS»e 
251 = (13 X 18)+ 17. Carry and OV are both cleared. - - 

^ , " ■ ■ -'9' I ' ' ' , r ; ■ ^.J.,=' 

4 



10 



10 



DIV 

(A) iM<-(A)i'(B) 

(B) 7-0 



2-95 



DJNZ <byte>,<ret-addr> 



Function: Decrement and Jump if Not Zero 

Description: DJNZ decrenient<; the location indicated by 1 , and hranciies to the address indicated by the second operand if 
the resulting value is not zero. An original value of OOH underflows to OFFH. No flags are affected. The branch 
destination is coQipu^ by addingjhe ^gned relative-displacement value in the Ipt instntction byte to the PC, 
after incrementing ifafroS'^CTa }fM <^ 'Banictipn: i t-'il- -r-.-Ti-: 

The location decremented may be a re^sterer directly addressed byte. '' 

Note: When this mstruction is used to modify an output port, the value used IS tkl M^^P^rt'^^''^ ''^^Bad 
from the output data latch, not the input pins ^ 

Example: Internal RAM locations 40H, SOH, and SOU contain the values OIB, 70H, alM 15H, respectively, "ftiie follow- 
ing instruction sequenee, > i-'ir 



DJNZ 40HXABEL_1 
DJNZ 50H,LABEL_2 
DJNZ 60HJ4A»_3 



causes a jump tol]ieMtiucdtm at MMl«MH^ Vift^ 6FH, and 15pt if tl^^ee,P;i^ lo^ 

cations. The ftst jump was «oftatealeea»#eTewllt was zero. ■ ^ . ^ ... 

This instruction provides a simple way to execute a program loop a given number of times or for adding a 
moderate time delay (from 2 to 512 machine cycles) with a single instruction. The following instruction ; 

MOV R2,#8 
TO0.GLE: CPL , Pl,7 

"' fiM M^tm^" 

toggles P1.7 eight times, causing four output pulses, tp appear at bit 7 of joutput Port 1. Each pulse lasts three 
machine cycles; two for DJNZ and one to alter the pin. 



DJNZ Rn,rel 

%!tes: 2 
fyefesi 2 
Encoding: 



1 1 



1 



1 



Operation: DJNZ 

(PC) <- (PC) + 2 
(Rn) <- (Rn) - 1 
IF (Rn) > or (Rn) < 
THEN 

(PC) «- (PC) + rel 



2-96 Instruction 



Instruction Set 



DJNZ dlrect,rel 
Bytes: 
Cyeles: 
Encoding: 
Operation: 



direct address 



ret address , 



DJNZ 

(PC) <- (PC) + 2 
(direct) *- (direct) - 1 
IF (direct) > or (direct) < 
THEN 

(PC) «- (PC) + rel 



INC <byts> 



Function: Increment ' * 

Description: INC increments the indicated variable by 1 . An original value of overflows to OOH. NQ<^i)^.aQ9fg^ected. 
Ttiree addressing modes are allowed: register, direct, or register-indirect. 

Note; When this instruction is used to modify an output port, the value used as (he original port data will be tiad 
from the output data latch, not the input pins. 

Example: Register contains 7EH (0111111 lOB). Internal RAM locations 7EH and 7FH contain OFFH and 40H, re- 
spectively. The followii^ instiuctien sequence. 



INC 
INC 
ING 



@R0 

RO 

@R0 



leaves register set to 7HJ and iwemal RAM locations 7EH and 7PS hol&ig'(X)H a(iS'41H, respectively. 



INC A 

Bytes: 
Cycles: 
Encoding: 
Operation: 



INC- 

(A)<-(A) + 1 



2-97 



INC Rn 

Bytes: 1 
Cycles: 1 
Encoding: 







1 r r r 



Operation: INC 

(Rn) «- (Rn) + 1 



m: direct 

Bytes: 2 
Cycles: 1 
Encoding: 



I - (lawifc; 

M3MT 







1 1 



(ITreS'adcrrieiss 



• ■'■•■•'tBpSWttlon: INC 

(direct) <- (direct) + 1 

me 9m >ry 

Bytes: 1 
Cycles: 1 
Encoding: 



-r .l-^v 







1 1 i 



Operation: INC 

, (P),«^^aBi)>,+ V 



)'1 
; »> 



INC DPTR 



Function: Increment Data Pointer 

Description: INC DPTR increments tlie 16-bit data pointer by 1. A 16-bit increment (modulo 2'*) is performed, and an 
overflow of the low-order byte of ial^ttfointer (IffL) from OTH to iocieme^ts hi^-order byte 

(DPH). No flags are affected. _ ' 

This is the only 16-bit register which can be incremented. 1_ . 

Example: Registers DPH and DFL eettB^ IMmA ffl^ mipe^m^. ile Mowfaig instnic^tten seqiKnc^, , 



INC DPTR 
INC DPTR 
mC DPTR 

changes DPH and DPL to 13H and 01 H. 
Bytes: 1 
Cycles: 2 
Encoding: 



10 10 



11 



OpefaUon: INC 

(DPTR) <- (DPTR) + 1 



2^ Instruction Set 



^HHH Instruction Set 



JB btt,rel 



Function: 
Description: 



Jump if Bit set 

If the indicated bit is a one, JB jump to the address indicaled; otherwise, it proceeds with the next instruction. 
The branch destination is computed by adding the signed relative-displacement in the third instruction byte to 
the PC, after incrementinglfae-P&to tlie first byle^ttefl^ instraction. 7%e-MHesle</ is not modified. No flags 
are affected. 



Example: The data present at input port 1 is 1 lOOlOlOB. Hie Accumulator holds'36 (010101 lOB). The following in- 
struction sequence, J ! - 1 



JB 
JB 



P1.2,LABEL1 
ACC. 2J:ABEL2 



causes program execution to Ixanch to Hie instruction at label LABEL2. 



Bytes: 3 
Cycles: 2 
Encoding: 



1 



bit address 



rel. address 



Operation: JB 

(PC) <- (PC) + 3 
IF (bit) = 1 
THEN 

(PC) <- (PC) + rel 



-I'- 



JBC bit,rel 



Function: Jump ifBit is set and Clear bit : v 

Description: If the indicated bit is one, JBC branches to the address indicated; otherwise, it proceeds with the next instruction. 

The bit will not be cleared if it is already a zero. The branch destination is computed by adding the signed 
relative-displacement ^^^e^i^ instiuction byfe to .the PC, after incrementing the PC to the &^t byte of the 
nextinstnic^on-Nofli^are^^^. ' _: 1^ _ 

Note: When this instruction is used to test an ou^ut |rin, fte value used as the original data y^Vifi^ait^om the 
output data latch, not the input pin. 

Example: The Accumulator holds S6H (010101 lOB). The following instruction sequence, 

JBC ACC.3JABEL1 ■ ^ ' 

JBC ACC,2XABEL2 

causes program execution to continue at the insfraction i<tetified by the label LABBL2, with &>e Acctmnila- 
tor modified to S2H (OlOlOOlOB). 



jot-' 



Cycles: 


2 




Encoding: 


1 





Oparation: 


JBC 





rel. address 



(PG)*-(PC) + 3 
IF (bit) = 1 
THEN 

(bit) 4-0 

{PC)4-(PC)+rel 

s ■ >i. 



1,1 TVJ.'. I -tell L!i. 1. . 

' ■ -■ ■■' r ■ 

i.i5-:,.;.J!...i«i :i 

-lT*fA..'.C ' JO* r. 



JC rel 



Function: Jump if Carry Is set 

Description: if the carry flag is set, JC branches to the address indicated; otiterwise, it proceeds witli the next instruction. The 
branch destination is computed by adding the signed relative-displacement in the second instruction byte to the 
PC, after incrementing the PC twice. No flags are affected. _ _ ' - 

Example: The cany flag is cleared. The following instruction sequence, ... . , 



JC LABELl 
CPL C 
JC LABEL 2 



sets the cany and causes program execution to continue at the instruction identified by the label LABEL2. 



Bytra: 2 
, CyclM: 2 
Encochng: 



10 



"r 



rel. address 



Qipratlori; JC , 
(PC) <- (PC) + 2 
IF(C) = 1 
THEN 

(PC) «- (PC) + lel 



1 trt itar 



■.«. vi -iH' 



2.100 Instruction Set 



^^KHHM^^^^^^^^^^^H Instruction Set 

JMP eA-i^DPTR 

Function: Jump indirect 

Description: JMP ©A+DPTR adds the eight-bit unsigned contents of the Accumulator with the 1 6-bit data pointer and loads 
the resulting sum to the program counto'. This is the address for subsequent instruction fetches. Sixteen-bit 
i > addition is performed (modulo 2'^: a carry-out from the low-order eight bits propagates through the higher-or- 

der bits. Neither the Accumulator nor the Data Pointer is altered. No flags are affected. 

" ' i&HRIilllfiS An even number from to 6 is in the Accumulator. The i'ollowing,'SeilMenc(; of ios^Vlctiras b^^l^jo one 
of four AJMP instructions in a jump table starting at JMP_TBL. 



MOV 
JMP 

JMP_TBL: AJMP 
AJMP 
AJMP 



DPTR, # JMP_TBL 
©A + DPTR 
LABELO 
LABELl 
LABEL2 



AJMP LABELS 



■It; 1-u.i.;. 



If the Accumulator equals 04H when starting this sequence, execution jumps to label LABEL2. Because 
AJMP is a 2-byte instruction, the jump instructions start at every other address. 



Byt6s: 1 
Cycles: 2 



Encoding: 111 



1 



Opeiatlon: JMP 

(PC) <- (A) + (DPTR) 



JNB bit,rel 



Function: 
DescHt)tton; 



Bytes: 
Cycles: 
Encoding: 
Operation: 



Junqiif BitNotset rv..;iL-i; : ' > >; i. 

If the indicated bit is a 0, JNB branches to the indicated address; otherwise, it proceeds with the next instnictioA. 
Ttie branch destination is computed by adding the signed relativc'displacein^t in the third instruction byte to 
' th^ PC, afterHtactiffi^lMgt&eFC t6<|ie^iiMi«^ nteitMsWietiotit Ae k'^MmiAis.iM modified. No flags 
are affected. '' " i'l -.irrr.* nnfl «rtl' • t'^iIc' ■ ' .i - • -ii ' 

The data present at input port I is 1 lOOlOlOB. The Accumulator holds 56H (010101 lOB). The folbniiing in- 
struction sequence, 

JNB P1.3,LABEL1 

JNB ACX:.3XABS^ ' 

causes program execution to continue at the instruction at label LAB£L2. 

• i'MI 

3 

2 



1 1 



bit address 



rel. address 



JNB 

(PC) <- (PC) + 3 
IF (bit) = 

THEN (PC) *- (PC) +rel 



JNC rei 



Function: 
Description: 

Exampie: 



Bytea: 
Cycles: 
Encoding: 
Operation: 



Jump if Carry not set 

If the carry flag is a 0, JNC branches to the address indicated; otherwise, it proceeds with the next instruction. 
The branch destination is computed by adding the signal relative-displacement in the second instruction byte to 
the PC, after incrementing the PC Mlie to {Mt next inaction. The catgr A|g is not modified. 
The carry flag is set. The following instmctiim sequence, 

JNC LABELl 

CPL C 

JNC LABEL2 

clears the carry and causes program exe^^pn to continue at the instruction identified by the label LABEL2. 
2 







1 



rel. address 



JNC 

(PC) «- (PC) + 2 
IF (C) = 

THEN(PC)«-(PC)+tBl 



2-102 InstruGtion Set ""^HHp 



Instruction Set 



JNZ rel 



Function: Jump if Accumulator Not Zero 

Description: If any bit of the Accumulator is a one, JNZ branches to the indicated address; otherwise, it proceeds with the 
next instruction. The branch destination is computed by adding the signed relative-displacement in the second 
instruction byte to the PC, after incrementing the PC twice. The Accumulator is not modified. No flags are 
affected. - 

' Btrf*H»le: -thi A&lAf^^ sequence, 



1 1; : r 



INC 

JNZ 



A 

LABH^ 



sets the Accumulator to OIH and continues at label LABBL2. 



Bytes: 2 
CyclM: 2 
Encoding: 



1 



1 1 



OperaUOni JNZ 

- (PC) <- (PC) + 2 
IF (A) * 

THEN (PC) «- (PC) + tBi 



JZ rei 



■jin.a . / .u. ■ .ill) ' • 
1.:. <;■: ). on I 



rel. address 



Function: Jump if Accumulator Zero 

Description If all bits of the Accumulator are 0, JZ branches to the address indicated; otherwise, it proceeds with the next 
instruction. TTie branch destination is computed by adding the signed relative-displacement in the second in- 
struction byte to the PC, after incrementing the PC twice. The Accumulator is not modified. No flags are af- 
_ fected. 

Example: The Accumulator originally contains OIH. The following instruction sequence, , 



DEC 
JZ 



LABEL! 
A 

LABEL2 



«(./- 



■ill--.t (O 



changes the Accumulator to OOH and causes program execution to continue at the instruction idendfied by 
the label LABQ^. ■ i;;'r ..i--,, ,,.r--,ai<i ,-• i, i 



Bytes: 2 
Cycles: 2 



Encodli^^'^'OF- i'^- 1 



Operation: JZ 

(PC) <- (PC) + 2 
IF (A) = 

THEN (PC) «- (PC) + rel 



N. 



LCALL addr16 



Function: 
DMeripHon: 



Example: 



Longcall k^i-.M (• iI 

LCALL calls a subroatine located at the indicted addr^: %BtadBietioa.&iMs three to the pro-am counter to 
generate the address of the next instruction and then pusMHIi46llft result onto the stack (low byte fust), 
incr^enting the Stack Pointer by two. The high-order and bytes of the PC are then loaded, respec- 

tively, with the second and third bytes of the LCALL instruction. Program execution continues with the instruc- 
tion at this address. The subroutine may therefore begin anywhere in the full 64K-byte program memory address 
space. No flags are affected. 

Initially the Stack Pointer equals 07H. The label SUBRTN is assigned to program memory location 1234H. 
ASta executing the instruction, 

LCAIX SUBRTN 

at location 0123H, liie Stack Pointer will contain 09H, internal RAM loc^ons 08H and 09H will contain 
26H and OIH, aiKl the PC wUI contain 1234H. 



Bytes: 3 
Cycles: 2 
Encoding: 



addrlS-addrS 



addr7-addr0. 



Operation: LCALL 

(PG)«-(PC)+3 
(SP) <r- (SP) + 1 
((SP)) ^ {PC7^ 
(SP) <- (SP) 

((SP)) ^ (PC15-8) 

(PC) <- addri5-o 



■■ -i.-rt 



UMP addrie 



Function: Long Jump 

Description: LJMP causes an unconditional branch to the indicated address, by loading the high-order and low-order bytes 
of the PC (respectively) with the second and third instruction bytes. The distillation may therefore be anywhere 
in the full 64K program memory address space. No flags are affected. 

Example: The label JMPADR is asagned to the Mwtoi al papain memory location 1234H. The instruction, 

LJMP JMPAM 

■ • ■"" ■ <• '• . .'V»£U J iHuHOO <:.':..> i>.'M|n>0iiA <-.-■■ 

at location 0123H wiU load diepn^am coiiii(@ «iUI U'.!t!/ . < x. 



Bytes: 3 
Cycles: 2 
Encoding: 



.; vr> 



addr15-addi8 



addr7-addr0 



Operation: LJMP 

(PC) <- addns-o 
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Instruction Set 



MOV <deat-l>yte>,<src-byte> 



Function: Move byte variable 

a s cri p tion: The byte variable indicated by the second operand is copied into the locatton specified by the fiist operand. The 
source byte is not affected. No other register or flag is affected. 

This is by far the most flexible operation. Fifteen combinations of source and destination addressing modes are 

allowed. 

Example: Internal RAM location 30H holds 40H. The value of RAM location 40H is lOH. The data present at input 
pott 1 is nOOlOlOB ^CAH). 



MOV 


R0,#30H 


RO < = 30H 


MOV 


A,@RO 


A< = 40H 


MOV 


R1,A 


Rl < = 40H 


MOV 


B,@R1 


B< = lOH 


MOV 


@R1,P1 


RAM (40H) < = OCAH 


MOV 


P2,P1 


P2 #OCAH 



leaves the value 30H in register 0, 40H in both the Accumulator and register 1, lOH in register B, and OCAH 
(IIOOIOIOB) both in RAM locatioii 40H and ou^t on port 2. 



MOV A^n 

Bytes: 1 
Cyclos: 1 
Encoding: 



1 1 1 



OperaOon: MOV 

(A)<-(Rn) 

*MOV A,dlrect 

Bytes: 2 
Cycles: 1 
Encoding 



1 1 



Operation: MOV 

(A) «- (direct) 

> MOV A^CC is not a valid instrurtion. 



direct address 



"•/■;-tqC 



2-105 

- .! .i.< 



MOV A,@Ri 

Bytes: 1 
Cycles: 1 
Encoding: 



M -Hti oini bin ' c i naTj^jo o,. i.o; ->ii) ■ ' I. it.ni' •', s:i/n aivd alTi' ^ -:4!^Ci 



1110 



1 1 



Operirtlon: MOV 

(A)<-((Ri)) 



MOV Mdata 

Bytes: 2 
Cycles: 1 

, .EijjBodln^; 



, fil l ^'i I { nu'i 



HAJO = . : ■ -1 i^iy 

1'. . • I'" 



111 



10 



immediate data 



OpeitMon: MOV 

(A) «- #data 



MOV Rn,A 

Bytes: 1 
Cycles: 1 
Eneedlng 



1 1 f 1 



1 r r r 



Operation: MOV 

(Rn) <- (A) 



,1, 



MOV Rn,dlrect 

Bytes: 2 
Cycles: 2 
Encoding: 



10 10 



1 r r r 



OperatiDn: MOV 

(Rn) <- (direct) 



dilrect addr. 



MOV Rn,4INiata 

Bytes: 2 
Cycles: 1 
Encoding: 



111 



1 r r r 



Oparatlon: MOV 

(Rn) <- #data 



immediate data 



instruction Set 



MOV direct^ 

Bytes: 2 
Cycles: 1 

Encoding: 



1111 



10 1 



Operatkm: MOV 

(direct) <- (A) 



direct, address 



MOV dii«ct,Rn 

Bytes: 2 
Cycles: 2 

Encoding! 



10 



1 r r r 



OpeniHon: MOV 

(direct) «- (Rn) 



direct address 



MOV dlrsel,cni«et 
Bytes: 3 
Cycles: 2 
Encoding: 



1 0, 



I Q, 1 



Operation: MOV 

(direct) (direct) 



dir. addr. ^r) 



dir. addr. ^^s^^. 



MOV direct,@Ri 
Bytes: 2 

;"eyiBlBs:-'2 
Encoding: 



10 



1 1 



OperaUon: MOV 

(direct) <- ((Ri)) 



direct addr. 



., in'-!. > 'ii/i : lO 'qiic .'.tJ 



, Ji. M it, • . ■ 



MOV db«et,«data 

Bytes: 3 
Cycles: 2 
Encoding 



111 



10 1 



MOV 

(direct) *- #data 



direct address 



immediate data 



ic2 nioiilouiJii?rif 



MOV @Ri,A 

Bytes: 1 
Cycles: 1 
Encoding: 



1111 



Operation: MOV 

((BOX- (A) 



MOV @Ri,direct 
Bytes: 2 
Cycles: 2 
Encoding: 



1 1 i 



10 10 



1 1 



Operation: MOV 

((Ri)) f- (direct 



t r 



direct addr. 



MOV @Ri,#data 
Bytes: 2 
Cycles: 1 
Encoding: 



111 



Operation: MOV 



1 1 



immediate data 



MOV <dest<bit>,<sr«-blt> 



Function: Move bit data 



MOV<dest-bit>,<src-bit> copies the Boolean variable indicated by tiie second operand into the location speci- 
fied by the first operand. One of the operands must be the carry flag; the other may be any directly addressable 
bit. No other register or flag is affected. 

Example: The cany flag is coigiiiaUy set. The data {sesent at input Port 3 is 1 lOOOlOlB. The data previously vmtsea to 
outputPortlisl^lMllfitO)^. .1 K ' 

MOV P1.3,C 
MOV C,P3.3 
MOV P1.2,C 



leaves the carry cleared and changes Port 1 to 39H (00:11 lOOIB). 
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Instruction Set 



MOV C,bK 

Bytes: 2 
Cycles: 1 
Encoding: 



10 10 



10 



Opiariaiion: MOV 

(C),*-(bit) 

.1: ,li!!fri.-' 



MOV bit,C 

Bytes: 2 
Cycles: 2 
Encoding: 



10 1 



MOV 

(bit)<-(C) 



10 



iVOl ■ 



bit address 



bit address 



MOV DPTR,#data16 



Function: Load Data Pointer with a 16-bit constant 

Description: MOV DPTR,#datal6 loads the Data Pointer with the 16-bit constant indicated. The 16-bit constant is loaded 
^ , into the second and third bytes of the instruction. The secopd byte (DPH) is the high-order byte, while the thild 
byte (DPL) holds the low«'-(»dra byte. No fU^ are affected. 

This is the only instruction which moves 16 bits of data at once. 
Example: The instruction, 

MOV DPTR,#1234H f - 

loads the value 1234H into the Data Pointer: DPH holds 12H, and DPL holds 34H. ' ' ^ 

Bytes: 3 ' < -' 

Cycles: 2 

Encoding: 



1 



immed. data1S-8 



Immed. data7-0 



Operation: MOV 

(DPTR)<-#datai5-o 

DPH □ DPL *- #datai5-8 □ #data7-o 



0- 



Move A,® A+ <base-reg> 



Function: Move Code byte ' ■ ' .' 

Description: The MOVC instructions load the Accumulator with a code byte or constant from program memory. The address 
of the byte fetched is the sum of the original unsigned 8-bit Accumulator contents and the contents of a 16-bit 
base register, which may be either the Data Pointer or the PC. In the latter case, the PC is incremerited to the 
address of the following instruction before being added with the Accumulator; otherwise the base register is not 
altered. Sixteen-bit addition is performed so a cany-out from the low-order eight bits may propagate through 
higherrordra'bits.Sfe i^j*iii«toii, irvj-'i i ) 

Ixsmpte: A value between and 3 is in the Accumulator. The following instructiCW will tmste the value in the Ac- 
cumulator to one of four values defined by the DB (define byte) directive. 



SELJC: INC 



MOVC. A,«*«: 



To"- 



DB 
DB 
DB 



77H 



- (tid) 



If the subroutine is called with the Accumulator equal to OlH, it returns with 77H in the Accumulator. The 
INC A befottfto^^^^^C instruction is needed to "get around" the RET instruction above the table. If several 
Sytes offed^^^^Bife Move from the table, the corresponding number is added to the Accumulator in- 



MQVC A,9A4.DPTR 
Bytes: 1 
Cycles: 2 
Encoding: 



10 1 



1 1 



Operation: MOVC 

(A) ^ ((A) -H (DPTR)) 

MOVC A,9A+PC 



Cycles: 2 
Encodins: 



10 



11 



(deration: MOVC 

(PC) <- (PC) + 1 
(A)«-((A) + (PC)) 



f :>»;vr 
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mm 



MOVX <dest-byte>,<src-byte> 



Function: Move External 

DBSCription: The MOVX instructions transfer data between the Accumulator and a byte of external data memory, which is 
why "X" is appended to MOV. There are two types of instructions, differing in whether they provide an 8-bit 
or 16-bit indirect addiess to tlie extonal data RAM. 

In the first type, the contents of RO or Rl in the current register bank provide an 8-bit address multiplexed with 
data on PO. Eight bits are sufficient for external I/O expansion decoding or for a relatively small RAM array. 
For somewhat larger arrays, any output port pins can he used to output hig^iefiiBiter-aiHtWis bits. Hiese pins are 

controlled by an output instruction preceding the MOVX. 

In the second type of MOVX instruction, the Data Pointer generates a 16-bii address. P2 outputs the high-order 
eight address bits (the contents of DPHi. w hile PO multiplexes the low-order eight bits (DPL) w iih data. The P2 
Special Function Register retains its previous contents, while the P2 output buffers emit the contents of DPH. 
This form of MOVX is faster and more efficient when accessing veiy liH^e data arrays (up to 64K bytes), since 
no additional instructions are needed to set up the output ports. 

It is possible to use both MOVX types in some situations. A large RAM array with its high-order address lines 
driven by P2 can be addressed via the Data Pointer, or with code to ou^t high-order address bits to P2, fol- 
lowed by a MOVX instruction using RO or Rl . 

Example: An external 256 byte RAM using multiplexed address/data lines is connected to the 805 1 Port 0. Port 3 pro- 
vides control lines for the external RAM. Ports 1 and 2 are used for normal I/O. Registers and 1 contain 
12H and 34R Location 34H of the extatnd RAM holds the value S6H. The instruction sequence. , . 

MOVX A,@R1 

MOVX ®RO,A i 
copies teralueS6H into lx>th the Accumulator and ^xtEq^RA^I location 12^. ^ 

' t" 



ifflniir 



MOVX A,9RI 



Bytes: 1 
Cycles: 2 
Encoding: 



1 i 



1110 J 

/tr*("»rtlf'» ■,. ■>.( I. .•■.•j Mi CI ;s »u .B 1 >irr«"iv .njyi iift 

Operation: MOVX " <v wi )ot:v^Ho> m -vi trfstH > 

I (A)«-((Ri)) . ■ . --^ > I wii)iii: ■ptn .iHYi. v^.-.Unr'' 



MOVX A,@DPTR 
Bytes: 1 
Cycles: 2 
Encoding: 



1110 







Operation: MOVX 

(A)«-((DPTRt 



MOVX @Ri,A 

Bytes: 1 
Cycles: 2 
Encoding: 



,1 <>■ A\ ■ 
... ri'-riv n,. .11 . 



.Til i.t.'I 'vtiili- ■>}>:.-"'T'»lB<r -jBiiu M'* 1 ■"•lo'""! 



1111 



1 



Operation: MOVX 

((Ri))«-(A) 



MOVX «DPTR,A 
Bylea: 1 
Cycle*: 2 
Encoding: 



1111 







Operation: MOVX 

(DPTR)<-(A) 
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Instruction Set 



MUL AB 



Function: Multiply 

. niapi$|lHoni MUL AB multiplies the unsigned 8-bil integers in the Accumulator and register B. The low-order byte of the 
16-bit product is left in the Accumulator, and the high-order byte in B. If the product is greater than 255 (OFFH), 
the overflow flag is set; otherwise it is cleared. The carry flag is always cleared. 

Example: Originally the Accumulator holds the value 80 (SOH). Register B holds the value 160 (OAOH). 



MUL 



AB 



will give the product 12,800 (3200H), so B is changed 'W'32H (001 lOOMi^and'til^AecuiiiulatQr is cleared. 
Theoverflawflagtj[l^u,««a3(j)Sijgieared. _ -Oi ..A ,' ., , ~ , 



Bytes: 1 
Cycles: 4 
Encoding: 



Operation: MUL 

(A) 7-o<-(A)X(B) 

(B) iM 



NOP 



Function: No Operation . ■_ 

Description: Execution continues at the following instruction. Other than the PC, no registers or flags are affected. 

Example: A low-going output pulse on bit 7 of Port 2 must last exactly S cycles. A simple SKIBAXR sequence gener- 
ates a one-cycle pulse, so four additional cycles must be inserted. This may be done (assuming: ng intamtpts 
aie enabled) with the following instruction sequence, 



CLR 
NOP 
NOP 
NOP 
NOP 
SETB 



P2.7 



P2.7 



Bytes: 1 
Cycles: 1 



Encoding: 



Operation: NOP 

(PC) «- (PC) + 1 



iiliiiiL 



A 1 • 



-iljl.l 



Function: Logical-OR for byte variables . ! -..i i;^ 

DSSCrtpUon: ORL performs (he bitwise logical-OR operation between the indicated variables, storing thetett^ta^^ des- 

' ■ tination byle. No flags are affected. 

The two operands allow six addressing mode combinations. When the destination is the Accumulator, the 
source can use register, direct, register-indirect, or immediate addtessing^.lf^VttfNf ^g^tination is a direct ad- 
dress, the source can be the Accumulator or immediate data. 

Note: When this instruction is used to modify an output port, the value used as the original port data is read from 
the output data latch, not the input pins. 

Example: If the Accumulator holds 0C3H (1 100001 IB) and RO holds SSH (OlOlOlOlB) then the following instruction, 

ORL A,RO 

leaves the Accumulator holding the value 0D7H (1 10101 IIB). 

When the destination is a directly addressed byte, the instruction can set combinations of bits in any RAM lo- 
cation or hardware register. The pattern of bits to be set is determined by a mask byte, which may be either a 
constant data value in the instruction or a variable computed in the Accumulator at run-time. The instruction. 



ORL Pl,#001 lOOlOB 

sets bits 5, 4, and 1 of output Port 1. 



ORL A,Rn 

Bytes: 
Cyclils: 
Encoding: 
Operation: 



10 1 r r r 



- ■■' ■51 n 



ORL 

(A)^(A)V (Rn) 



' lit) K) 3f'>jq IWJlUP gl\t' > ;l ^ 



ORL A,direct 

Bytes: 
Cycles: 
Encoding: 
Operation: 



1 1 1 



ORL 

(A) «- (A) V (direct) 



direct addre^ 



J ij 
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Mi 



Instruction Set 



Oni. A,®Ri 

Bytes: 1 

les: 1 



Enceding: 



1 


1 1 i 















Op««tton: ORL 



(A)«-{A) V((Ri)) 



ORL ft,#data 

Bytes: 2 
Cycles: 1 
Encoding: 



10 



10 



Oitenaion: ORL i 

(A) <^ (A) V #data 



ORL direct,A 

Bytes: 2 
Cycles: 1 
Encoding: 



10 



10 



Operation: ORL 

(direct) <- (dir^ V (A) 



immediate data 



direct address 



••• J . UK 



-J.'J '-•"1 



ORL dlrect,#data 
Bytes: 3 
Cycles: 2 
Encoding: 



10 



11 



Operation: ORL 

(direct) <- (direct) V #data 



direct addr. 



immediate data 



2-115 



ORL C,<sro-blt> 



Function: Logical-OR for bit variables 

DssertpHon: Set the carry flag if the Boolean value is a logical I ; leave the carry in its current state otherwise. A slash ( / ) 
preceding the operand in the assembly language indicates that the logical complement of the addressed bit is 
used as the source value, but the source bit itself is not affected. No 60uar1^|^ ate affected. 

Example: SetthecarryfIagifandonlyifP1.0= l, ACC.7= l,orOV = 0: 



MOV 
ORL 
ORL 

ORL C,bit 

Bytes: 2 
Cycles: 2 
Encoding: 



CPl.O 

C,ACC.7 

CJOV 



LOAD CARRY WITH INPUT PIN PIO 

OR CARRY WITH THE ACC. BIT 7 

OR CARRY WITH THE INVERSE OF OV. 



I n 



bit address 



Operation: ORL 

(C) «- (C) V (bft) 

ORL CVbK 

Bytes: 2 

Cycles: 2 ^ saewfei iasr.ii' 

Encoding: 10 11 



bit address 



Operation: ORL _ 

(C) <r- (C) V (bit) 



.'HO 



t 
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Instruction Set 



POPcOrect 



Function: Pop from stack. 

Description: The contents of the int^nal RAM location addressed by the Stack Pointer is read, and the Stack Pointer is 
r decreinented fay oae. The vdw lead is then tiangfmsd to the directly addressed byte indicated. No 

affected. 

Exanpia: The Stadc Pointer originally contains the valoe 32H, and internal RAM twations 3(KI tfirough 32H contain 
the values 20H,23H, and 01Iiie^)eedi!i«dy,lb«M(i9iiig««t^^ . 



POP 
POP 



Dm 
DPL 



Bytes: 
Cycles: 
Encoding: 
Operation: 



leaves the Stack Pointer equal to the value 30H and sets the Data Pointer to 0123H. At this s$>i|it< the follow- 
ing instruction, 

POP SP 

leaves the Stack Pointer set to 20H. In this special case,:the Stack Poittterwas decretnraited to 2FH before be- 
ing loaded with the value pi^ed (20H). i 

2 , 

2 



1 



direct address 



POP 

(direct) <- ((SP)) 
(SP) <- (SP) - 1 



PUSH direct 



Function: Push onto stack 

Description: The Stack Pointer is incremented by one. The contents of the indicated variable is then copied into the internal 
RAM location addressed by the Stack Pointer. Otherwise no flags are affected. 

Exairipia: On entering an intenupt routine, the Stack Pester contains OM. The Data Pointer feolds the value 0123H. 
The fidlowing instruction sequence, 



PUSH DPL 
Pt^H "OPH 



leaves the Stack Pointer set to OBH and stores 23H and OIH in internal RAM locations OAH andtJBH, 
respectively. 



Bytes: 2 
Cycles: 2 
Encoding: 



110 







direct address 



Operation: PUSH 

(SP) (SP) + 1 
((SP)) <- (direct) 
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RET 



Function: Return from subroutine 



Description: 



Exirinpte: 



RET pops the high- and low-order bytes of the PC successively from the stack, decrementing the Stack Pointer 
by two. Program execution continues at the resulti^liSA^i; gS^riSljr (be iMruction immediately following 
an ACALL or LCALL. No flags are affected. 

'the ^tack Pointer originally contains the value OBH. Internal RAM locations OAH and OBIft^Sfll^lie val- 
ues 23H and OIH, t^iecSvely. llie-foUstving teltuctioa, - - 

RET 



leaves the Stack Pointer equal to the value 09H. Program execirtion continues at location 0123H. 

Bytes: 1 - .ji i-j<c: • . . . •■ 

■■ " ..}:y, - 1 

Cycles: 2 
Encoding: 



10 



10 

A ' l i e: j.i , 



Operation: RET 

(PC15-8) ^ ((SP)) 

(SP) <- (SP) - 1 
(PC7-0) ^ {(SP)) 
(SP) <- (SP) - 1 



RETI 



Funellon: Return from intemipt 

Description: RETI pops the high- and low-order bytes of the PC successively from the stack and restores the interrupt logic 
to accept additional interrupts at the same priority level as the one just processed. The Stack Pointer is left 
decremented by two. No other registers are affected; the PSW is not automatically restored to its ptenintall^ 
- . status. PfOgtam exeeiltlon'eoffllinjesrat the resulting address, which is generally the instnirt^ 

the point at which the interrupt request was detected. If a lower- or same-level interrupt was pending when the 
RETI instruction is executed, that one instruction is executed before the pending interrupt is processed. 

Exempie: The Stacic Pointer originally contains the value OBH. An interrupt was detected during the instruction ending at 
location 0122H. Internal RAM locations OAH and OBH contain the values 23H and QIH, respectively. The 
foUowinginstniction, ..ps , , iii. > ■ 



RBn 



leaves die Stack Points eqmd toCiB in^ 
Cyeies: 2 



Encoding: 



1 



1 



Operation: RETI 

(PC15-8) <- ((SP)) 

(SP) <- (SP) - 1 
(PC7-0) <- ((SP)) 
(SP) *- (SP) - 1 
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RL A 



Function: 
^.^i. Description: 

Example: 



Bytes: 
Cycles: 
Encoding: 
Operation: 



Rotate Accumulator Left 

The eight bits in the A^CinBiilator are rotated one bit to the left Bit 7 i^ rotated into tite bit O^^sition.N^ 
are affected. ^ ,, ^ , 

The Ac<siiiiHiteh«il#(*g.Y^(K;5a(llO00J,^ ,, i ,. 3 

RL A 1, 
leav««1bl('^mMiwl^liqjligg|ha?H^ 



1 



11 



RL 

(An + 1)<-(An)n = 0-6 
(AO) <- (A7) 



RLC A 



Function: 

OSBttApttOIK 

.U- ! f . /a rj,.' 

Extflll'|iiS9 ' 



BytM: 
Cycles: 
Encoding: 
Operation: 



Rotate Accumtdator Left tfatDiigh the Carry>flag"iJ'''' '.>"<'' V :.-.W'i'Tu-..-.r\ - mioF. ■ > ■•.n 

This eight bitsin'flteAcaraiilsd^aadBie csanyAagwetogedia'Tet^ Dne:biCti»the<Mii. Bit 7t(riowsHjto the 
' emy flag; the @^giiaal'$(dl tf^ cany Jlig; movesliito diebit Oppsiticti. No odieEfbgB are affected. 

RIjC a a j.i 

leaves the AttaamiittllF tUtWitt&Mltlw'MltlO^ ' 



11 



11 



:> I. 



I 



RLC 

(An + 1)«-(An)n = 0-6 
(AO) <- (C) 
(C) <- (A7) 



-:) -- n - ■>■ 



Function: Rotate AccumulaWl^tt 

' OeseripMi: the eight Wts in tfife^&riftiiaiteA-' 
are affected. 

E»lniple: The Acc{iMi(6i^Mtt#-v«IiH» 
RR A 

Bytes: 1 
Cycles: 1 
Encoding: 



t Q 



1 1 



Operation: RR 

(An)<-(An + 1)n = 0-6 
(A?) *- (AO) 



3 c - - ;o/ 



mc A 



Function: 
iDteseription: 



Rotate Accumulaiear3B^ftMMi^!^«Qf^SI^ rt'-ur' ',,■»■, • . . » ,. ~ 

The eight bits in the Accumulator and the carry flag are together rotated one bit to the right. Bit Qjnflwes SBIs 
t^e carry flag; the original value of the carry flag moves into the bit 7 position. No other flags are affected. 

mc A I :; 

leaves AcmmiWMJholMti iM)«3ilie^M|QltMlllf liM; 1^ oiti sivhl! ' 

1 



CyelM: 
Eneoiiing: 
Opemtlon: 



1 



# 1 1 



RRC 

(An)<-(An + 1)n = 0-6 
(A7) 4- (C) 
(C) ^ (AO) 



Instruction Set 



SETB <bit> 



Function: SetBit 

, JQg^ItfljlXtion: SETP set$ the indicated bitto one. SETB cm opnate en the cany flag or any diiectly addressable l^^o other 
fbgs are affected. . > 

Example: The carry flag is cleared. Output Port I has been written with the value 34H (001 lOlOOB). The following 
instructions. 



SETB 



SETB 



C 

P1.0 



sets the carry flag to 1 and changes the data output on Port 1 to 3SH (001 lOlOIB). 



SETB C 

Bytes: 1 
Cycles: 1 
Encoding: 



110 1 



11 



Operation: SETB 
(C)<-1 

SETB bit 

Bytes: 2 
Cycles: 1 
Encoding: 



110 1 



10 



bit 



Operation: SETB 
(bit)«-1 



SJMP rel 



Function: Short Jump 

Description: Program control branches unconditionally to the address indicated. The branch destination is computed by 
adding the signed displacement in the second instruction byte to the PC, after incrementing the PC twice. There- 
;ii fore, the range of destinationsallQwed is from 128 bytes preceding this inst(uctip.a 127, bytes foyp\^ 

Example: The label RELADR is assigned to an instruction at program memory locatiMi<01'23Hl''?he following 
instruction, 



SJKiP RELADR 



'J.l'l 



asembles into le@ito|M(HIH. iUlBAe tastroetion u<9EBenlaEl, te PC corittette value 0123H. 

(Note: Under the sfhMe emfiiens the instnictfoa Miknvta^ is at 109% Therefore, the displai 
byte of the instrui^Mi i$ ^idative of&et (012iei«01Cm} ^ 2IH. Fat matttet way, an SJMP widi a di^ls 
ment of (K^H is a one-ioi^niction infinite loop.) . , 



Bytes: 2 



Cycles: 2 
Encoding: 



rel. address 



Operation: SJMP 

(PC) <- (PC) + 2 
(PC) <- (PC) + rel 



■ i|' - ■•^c' 



fiir: 
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Instruction Set 



SUBB A,<src-byte> 



Function: Subtract with borrow 
Description: SUBB subtracts the indicated variable and the carry flag together from the Accumulator, leaving the result in 
the Accumulator. SUBB sets the cany (borrow) flag if a borrow is needed for bit 7 and clears C otherwise. (If 
C was set before executing a SUBB instruction, this indicates that a borrow was needed for the previous step in 
a multiple-precision subtraction, so the carry is subtracted from the Accumulator along with the source oper- 
and.) AC is set if a borrow is needed for bit 3 and cleared otherwise. OV is set if a borrow is needed into bit 6, 
but not into bit 7, or into bit 7, but not bit 6. ■- <». lu. 

When subtracting signed integers, OV indicates a negative number produced when a negative value is sub- 
tracted from a positive value, or a positive result when a positive number is subtracted from a negative number. 

■J a ■ .t 



Example: 



The source operand allows four addressing modes: register, direct, register-indirect, or immediate^ 

The Accumulator holds 0C9H (1 lOOlOOlB), le^istra' 2 holds SAR (OlOlOlOCffi). and die asay fl^g is set Ibe 

instruction, 

SUBB A,R2 

will leave the value 74H (01 1 lOlOOB) in the accumulator, with the carry flag and AC cleared but OV set. 

Notice that 0C9H minus 54H is 75H. The difference between this and the above result is due to the carry 
(borrow) flag being set before the operation. If the state of the carry i.s not known before starting a single or 
multiple-precision subtfaction, it should be explicitly cleared by CLR C insU^ction. ^ 'J 



SUBB A,Rn 

Bytes: 1 
Cycles: 1 
Encoding 



Operation: SUBB 

(A)<-{A)-(C)-(Rn) 



r-tl h'.Zfj^ 



■■) ,: 



iflmEL 



2-123 



Bytes: 

' 'An^odingi 
Operation: 

SUBB A,eRI 
Bytes: 
Cyelee: 
Encoding: 
'Operation: 



10 1 



10 1 



direct address 



. i'U'- -u ?f won.* I, .t - I 



SUBB 

(A) «- (A) -(C) 



10 1 



1 1 



SUBB 

(A)<-{A)-(C)-((Ri)) 



SUBB A,#data 
Bytes: 
Cycles: 
Encoding: 
Operattan: 



10 1 



10 



SUBB 

(A) <- (A) - (C) - #data 



SWAP A 



Function: Swap nibbles within the Accumulator 

Description: SWAP A interchanges the low- and high-order nibbles (four-bit fields) of the Accumulator (bits 3 through and 
bits 7 thn>ugfa 4). Tlie operation can also be thought of as a 4-lst rotate insHiiction. No flags are affected. 

Bcampie: Hie Accumulate holds the value OCSH (1 IMOIOIB); the instruction, 
SWAP A 



leaves the AccumntalBr iiMng ^ valws $^ 0>1Q} 1 10(1}. 



Bytes: 
Cycles: 
Encoding: 
Operation: 



110 



10 



SWAP 

(Am)«^(A7^) 
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^■■^^M^^H^BHi^M^HM^H Instruction Set 

XCH A,<byte> 



Function: Exchange Accumulator with byte variable 

Description: XCH loads the Accumulator with the contents of the indicated variable, at the same time writing the original 
Accumulator contents to the indicated variable. The source/destination operand can use regist^, direct, or reg- 
ister-indirect addressing. . ■•. 

iExaiiq>ie: RO contains the address 20H. The Accumulator holds the value 31% (GOlUlllB). I^t^sCDal RiM4 lotion 20H 
holds the value 75H (Oil lOlOlB). The following instruction. 

XCH A,@RO 

leaves RAM location 20Hhol(ling me values 3FH ((X)l 1 U UB) and 73H (01 1 lOipiB) in the ac^ 



XCH A,Rn 

Bytes: 1 
Cycles: 1 
Encoding: 



1 1 



Operation: XCH 

(A) ^ ((Rn) 



XCH A,cilrect 

Bytes: 2 
Cycles: 1 
Encoding: 



1 1 



10 1 



Operation: XCH 

" • lA)^ftaire«) 



direct address 



XCH A,@Ri 

Bytes: 1 
Cycles: 1 
Encoding 



110 



1 1 



Operation: XCH 

(A)^?((Ri)) 



XCHD A,eRI 



Function: Exchange Digit 

Description: XCHD exchanges the low-order nihble of the Accumulator (bits 3 through 0), generally representing a hexa- 
' -'1'" ' decimal or BCD digit, with that of the internal RAM location indirectly addressed by the specified Tegisler. Hie 
high-order nibbles (bits 7-4) of each register are not affected. No flags are affected. 

' EKBlHple: RO contains the address 20H. The Accumulator holds the value 36H (001 101 lOB). Internal RM^IilObsttion 20H 
holds the value 75H (Oil lOlOlB). The following instmction, ■ 

XCHD A,@RO 

leaves RAM location 20H holding the value 76H (01 1 101 lOB) and 3SH (OOUOIOIB) in the Accumulator. 



Bytes: 1 
Cycles: 1 



Encoding: 1 1 



Operation: XCHD 



XRL <de«t-bytK>,<sre-byte> 



1 1 



■ '.) -.lie lor 



Function: Logical Exclusive-OR for byte variables 

Description: XRL performs the bitwise logical Exclusive-OR operation between the indicated variables, storing the results 
in Uie destination. No flags are aSected. 

The two operands allow six addressing mode combinations. When the destination is the Accumulator, the 
source can use register, direct, register-indirect, or immediate addressing; when the destination is a direct ad- 
dress, ihe,mBiethem%eim::AaimiimUbT m itmiediate dm> 

(Note: When this instruction is used to inodify an OU^ut port, &e value j^^^^nal port data is read 
from the output data latch, nol the input pins.) 

Example: V me Accumulator holds 0C3H (1 lOOOOlIB) and register holds OAAH (lOlOlOtOB) then the instruction, 
XRL AfiO 

leaves the AccuOBMr k^ffing die value 69H (01 lOlOOlB). 

When the destination is a directly addressed byte, this instruction can complement conihnKUions of bits in any 
RAM location or hardware rep^er. The pattern of bits to be complemented is then determined by a mask byte, 
either a constant contaioti M dte igmttu^OQ or a vffl^le'^^B^ iff IftelSii^Klator at run-time. The fol- 
lowing instruction, r . . . , 

XRL P1,#0011000IB 



complements bits 5, 4, and of output Port 1 . 
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XRL A,Rn 

Bytes: 1 

Cycles: 1 
EneotfHg: 



operation: XRL 

(A)<-(A)V(Rn) 



XRL A,diract 

Bytes: 2 
Cyclee: 1 
Encoding: 



110 



10 1 



direct address 



Operation: XRL 

(A)<-(A)V(direct) 



XRL A,«RI 

Bytes: 1 
Cycles: 1 
Encoding: 



110 



1 1 



Operation: XRL 

(A)<-(A)V((Ri)) 



»IL A,#data 

Bytes: 2 
Cycles: 1 
Encoding: 



110 



10 



immediate data 



Operation: XRL 

(A)4-(A)V#data 



XRL direct,A 

Bytes: 2 
Cycles: 1 
Encoding: 



110 



10 



direct address 



Operation: XRL 

(direct) «- (direct) V (A) 



XRL direct,#datii 
Bytes: 3 
Cycles: 2 
Encoding: 



lis. A iflX 



110 



11 



direct address 



immediate dsrta. 



Operation: XRL 

(direct) <- (direct) V #data 



f 'J f 
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1 
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Features 

• Compatible with IMCS-51™ Products 

• 1 Kbyte of Reprogrammable Flash Memory 

Endurance: 1,000 Write/Erase Cycl^^ 

• 2.7 V to 6 V Operating Range 

• Fully Static Operation: Hz to 24 MHz 

• Two-Level Program Memory t»ek! 

• 64 bytes SRAM - 

• IS Programmable I/O Lines 

• One 16-Bit Timer/Counter 

• Three Interrupt Sources '^^ 

• Direct LEO Drive Outputs 

• On-ChIp Analog Comparator 

• Low Power Idle and Power Down Modes 



Description 

The AT89C1051 is a low-voltage, high-performance CMOS 8-bit microcompnter with 1 
Kbyte of Flash programmable and erasable read only memory (PEROM). The device is manu- 
factured using Atmel's high density nonvolatile memory technology and is compatible with 
the industry standard MCS-5 1 ™ instruction set and pinouL By combining a versatile 8-bit 
CPU with Flash on a monolithic chip, the Atmel AT89C1051 is a powerful microcomputer 
which provides a highly flexible and cost effective solution to many e9ibedded control 
applications. . 

The AT89C10S1 (novides the following standard features: 1 Kbyte of Flash, 64 bytes of 
RAM, IS I/O lines, one 16-bit timer/countra', a three vector two-level intemipt architecture, a 
precision analog comparator, on-chip oscillator and clock circuitry. In addition, the 
AT89t:iOSl is designed with static logic for operation down to zero frequency and supports 
two software selectable power saving modes. The Idle Mode stops the CPU while allowing the 
RAM, timer/counters, serial port and interrupt system to continue fonctioning. The Power 
Down Mode saves the RA}^ contents but freezes ^^di^tM disabling all other chip func- 
tions unliKke next hacdwateseset f V 



8-Bit 

Microcontroller 
with 1 Kbyte 
Flash 



Pin Configuration 



PDIP/SOIC 



RST C 
P3.0 L 
P3.1 C 
XTAL2 C 
XTAL1 C 
(1HT5) P3.2 C 
(TNTi) P3.3 C 
(TO) P3.4 c 
P3.5 L 
GND C 




0366C 



Block Diagram 



GND 



RAMADDR. 
REGISTER 




RAM 


► 



V 



B 






REGISTER 




ACC 



FLASH 4 



STACK 
POINTER 




INTERRUlfiL 
AND TIMER-" 



PORT 1 
LATCH 



PORT 1 DRIVERS 
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LATCH 



PROGRAM 
ADDRESS 
REGISTER 



> BUFFER < ► 



PC 

INCnBNENTER 



4 ► 



PROGRAM 

COUNTER 



PORT 3 DRIVERS 



mrnu- imm 



P1.0-P1.7 



P3.0 ■ P3.5 P3.7 



I; M.., 
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Pin Description 

Vcc . ' ' V „.v ■ - 

Supply vollitge^ ' 

GND ■ " ' ■ ■' " '•••■•'f- 

Ground. 

Porti 

Port 1 is an 8-bit bidirectional I/O port. Port pins P1.2 to P1.7 
provide internal puUups. Pl.O and Pl.l require external puUups. 
Pl.O and Pl.l also serve as the positive input (AINO) and the 
negative input (AINl), respectively, of the on-chip precision 
analog comparator. The Port 1 output buffers can sink 20 mA 
and can drive LED displays directly. When 1 s are written to Port 
1 pins, they can be used as inputs. When pins PI. 2 to PI. 7 are 
used as inputs and are externally pulled low, they will soiuce 
current (UL) because of the internal puUups. 

Port I also receives code data during Rash programming and 

program verification. 

Ports 

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional I/O pins 
with internal pullups. P3.6 is hard-wired as an input to the output 
of the on-chip comparator and is not accessible as a general pur- 
pose I/O pin. The Port 3 output buffers can sink 20 mA. When 
Is are written to Port 3 pins they are pulled high by the internal 
pullups and can be used as inputs. As inputs. Port 3 pins that are 
externally being pulled low will source cunent (In,) because of 
the pullups. 

Port 3 also serves the functions of vuious special features of the 

AT89C1051 as listed below: 



Port Pin 


Alternate Functions 


P3.2 
P3.3 
P3.4 


INTO (external interrupt 0) 
INT1 (externaiinterruptl) 
TO (timer external input) 



Port 3 also receives some control signals for Flash programming 

and programming verification. 
RST 

Reset input. All I/O pins are reset to Is as soon as RST goes 

high. Holding the RST pin high for two machine cycles while 

the oscillator is running resets the device. 

Each machine cycle takes 12 osciHiOor or cleek cycles. 

XTAL1 

Input to the inverting oscillator amplifier and mput to the inter- 
nal clock operating circuit 
XTAL2 

Output fiom the inverting oscillator amplifia. 



Oscillator Characteristics 

XTALl and XTAL2 are the input and output, respectively, of 
an inverting amplifier which can be configured for use as an 
on-chip oscillator, as shown in Figure 1 . Either a quartz crystal 
or ceramic resonator may be used. To drive the device from an 
external clock source, XTAL2 should be left unconnected 
while XTALl is driven as shown in Figure 2. There are no re- 
quirements on the duty cycle of the external clock signal, since 
the input to the intonal clocking circuitry is through a divide- 
by-two flip-flop^ byt ijiininium andrtnannjiiini volta^ high and 
low time speciflt^ons mast be otisiaved.' 



Figure 1. Oscillator Connections 



XTAL2 




XTALl 



GND 



Notes:Cl,C2 = 30pF± 10 pF for Crystals 

= 40 pF ± 1 pF for Ceramic Resonators 

FigDre Z External Clock Drive Configuration ' 



NC 



EXTERNAL 
OSCILLATOB 
SIGNAL 



I 



XTAL2 



GND 



Speciar Function RegiMeHT' -^^^ma^O 

A map of the on-chip memory area called the Special Function 
Raster (SFR) space is shown in the table below. 
Note that not all of the addresses are occupied, and unoccupied 
addresses may not be implemented on the chip. Read accesses 
to these addresses will in general return random data, and write 
accesses will have an indeterminate effect. '' 

• .J (..ft-: ■"n3VUf> 

r ; ' ' . SOT'".-' ''\ H: " J ♦ 

friWe 1 . At^9Cfll5l''SFi[1i*» toi Reset Values 



User software should not write Is to these unlisted locations, 
since they may be used in fiitine products to invoke new fea- 
tures. In that case, the reset or inactive values of the new tnt^wrtll. 
always be 0. 



0F8H 
OFOH 
0E8H 

OEOH 

0D8H 

ODOH 
0C8H 
OCOH 

OMH 

OBOH 

0A8H 

OAOH 
98H 

90H 
88H 
80H 



















B 

00000000 
































ACC 
00000000 


























■ 






PSW 
00000000 
















































IP 

xxxooooo 








— - 








P3 

11111111 
















IE 

oxxooooo 
















































PI 

11111111 
















TCON 
00000000 


TMOD 
00000000 


TLO 
00000000 




THO 
00000000 










SP 
00000111 


DPL 
00000000 


DPH 
00000000 








PCON 
OXXXOOOO 



OFFH 
0F7H 
OEFH 
0E7H 
ODFjH 

0D7H 
OCFH 
0C7H 
OBFH 
0B7« 

OAFH 

0A7H 
9FH 

97H 
8FH 
87H 
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Restrictions on C^laln instructions . 

The AT89C 1 OS 1 is an eeonolnical and cost-effectiVe member of 
Atmel's growing family of micrecontrotlers. It contains 1 
Kbyte of flash program memory. It is fiilly compsOible withltbe 
MCS-Sl aichitectore, and can beinrogiamffled using the MCS- 
$1 instruction set. Mtmtvmi there aie afew.eonsiderations one 
must Iceep in mind when utilizing certain ittstnictions to pro- 
gram this device. 

All the instructioBS related to jumping or branching should be 
SHtRcted audi tbat'flie^ destination address falls within the 
physical program memory space of the device^ which is IK for 
the ATg9C10$l. This should be the responsibility of the soft- 
ware programmer. For example, LIMP 3FEH would be a valid 
instruction for the AT89C1051 (with IK of memory), whereas 
LJMP410H would not. 

1. Branching instructions: 

LCALL, UMP, ACALL, AJMP, SJMP, JMP @A-hDPTR 
These unconditional branching instructions will execute cor- 
rectly as long as the programmer keeps in mind ffaat the destina- 
tion blanching address must fall within the physicat boundaries 
of the program memory size (locations OOH to SHTI for the 
89C1(^1).; Violating the physical ^ace limi^iaay cause un- 
known program behavior. 

ONE [...], DJNZ [...], JB, JNB, JC, JNC, JBC, JZ, JNZ With 
these cmditional branching instructions the same rule above ap- 
plies. Again, violating the memory boundaries may cause er- 
ratic execution. 



BoF applicaticws involving intemipts the hormal intrait^s^- 
ice< routine ad^^ . locations of the SOCSl. fafflil)s.ia^hitee&ue 
have been preserved. ' ' 

2. MOVX-related instructions, Data Memory; ^ 
The AT89C1051 contains 64 bytes of internal data memory. 
Thus, in the AT89C105 1 the slack depth is limited to 64 bytes, 
the amount of available RAM. External DATA memoi^ access 
is not supported in this device, nor is external PROGRAM 
memory execution. Therefore, no MOVX [...] instructions 
should be included in the program. 

A typical 80C51 assembler will still assemble instructions, even 
if they are written in violation of the restrictions mentioned 
above. It is the responsibility of the controller user to know the 
physical features and limitations of the device being used and 
adjust the instructions used correspondingly. 




Program Memory Lock BKs 

On the chip are two lock bits which can be left unprogrammed 
(U) or can be prc^rammed (P) to obtain tfie additional feabites 
listed in the table below: tj^ 



Lock Bit Protection Modes' 



Prastam Lock Bhs 
LB1 LB2 


Protection Type 


1 U U 


No program lock features. 


2 P U 


Further programming of the 
Flash is c|(^]#d., ,^ ^ , 


3 P P 


Same asflW(J»2rals0 vefify 

is disabled. 



Note: 1 . The Lock Bits can only be erased with the Chip Erase 
operation 



Idle Mode 

In idle mode, the CPU puts itself to sleep while all the on-chip 
peripherals remain active. The mode is invoked by software. 
The content of the on-chip RAM and all the special functions 
registers remain unchanged during this mode. The idle mode can 
be terminated by any enabled interrupt or by a hardware reset. 
Pl.OandPl.l should be set to '0' if no external puUups are used, 
or set to ' 1 ' if extonal pullups are used. 
It should be noted tliat when idle is terminated Iqr a bu^KUiC 
reset, the device normally resumes program rate^otiEiii, ttei& 
where it left off, up to two madiine cydes tte&ie As ^Smai 
reset algorithm takes control. On-chip bMwae MbMs acsen 
to inl^al RAM in this event, but access te tte pe(t fiia is not 
inliibited. To eliminate the possibility of m usR^ceted write to 
a port pin when Idle is tenninated by reset, tile infraction fol- 
lowing the one that invokes Idle should not be one that writes to 
a port pin or to external memory. 

Power Down Mode 

In the power down mode the oscillator is stopped, and the in- 
struction that invokes power down is the last instruction exe- 
cuted. The on-ehip RAM and Special Function Registers retain 
their values until the power down mode is terminated. The only 
exit from power down is a hardware reset. Reset redefines the 
SFRs but does not change the on-chip RAM. The reset should 
not be activated before Vcc is restored to its normal operating 
level and must be held active long enou^<tMtttwr ttfe<|iStiWirtar 
to restart and stabilize. 

Pl.O and Pl.l should be set to '0' if noexternalpuUupsareused, 
or set to ' 1 ' if external pullups are used. 



The AT89C1051 is shipped with the 1 Kbyte of on-chip 
PEROM code memory anay in the erased state (i.e., contents = 
FFH) and ready to be programmed. The code memory array is 
programmed one byte at a time. Once the array is programmed, 
to re-progremumt^mmt^lmA bytei the mHre rnem^. mro)/ 
needs to be erased electrically. 

Internal Address Counter: The .•\TX9C1 (IS 1 contains an in- 
ternal PEROM address counter which is always reset to OOOH on 
the rising edge of RST and is advanced by applying a positive 

going pulse to pin XTALl . 

Programming Algorithm: To program the AT89C1051, the 
following sequence is recommended. 

1. Power-up sequence: 

Apply power between Vcc and GND pins 

Set RST and XTALl to GND 

With all othor pins floating, wait £Dr greater than 10 

2. Set^RSTto'H' 
SetpwP3^to'H' 

3. Ai>ply tfae^q^jropriate combinaiion of 'H' or 'L' logic 

' levels to pins P3.3, P3>4i.P3.5„KI.7 to select one of the pro- 
liufMHnlNltWMiansi shown inltoP^OM Programming 

Modes tdbte. 
To Program and Verify the Array: 

4. Apply data for Code byte at location OOOH to PI .0 to PI .7. 

6. Msei9.2cwee tepK>9aniaiqFteintheI%ROManay or 

to^ bits. The byte- write cycle is self-timed and typi- 
eaUy takes 1 .2 ms. 

7. lb verify the programmed data, lower RST from 12V to 
1(^0 'H' level and^lteP3.3 to P3.7 to the appropiate 
levels. Output data can be read at the port PI pins. 

8. To program a byte at the next address location, pulse 
XTALl pin once to advance the internal address counter. 
Apply new data to the port PI pins. 

9. Repeat steps 5 through 8, changing data and advancing the 
address counter for the entire 1 Kbyte array or until the 
end of the object fde is reached. 

1 0. Power-off sequence: 
set XTALl to 'L' 
set RST to 'L' 

Float all other I/O pins 
Turn Vcc powra- off 
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Data Polling: The AT89CI051 features Data Polling to indi- 
cate the end of a write cycle. During a write cycle, an attempted 
read of the last byte written will result in the complement of the 
written data on PI. 7. Once the write cycle has been completed, 
true data is valid on all outputs, and the next cycle may begin. 
Data Polling may begin any time after a write cycle has been 
initiated. 

Ready/Busy: The Progress of byte programming can also be 
monitored by the RDY/BSY output signal. Pin P3.1 is pulled 
low after P3.2 goes High during programming to indicate 
BUSY. P3 . 1 is pulled Hi^ again propwnniiiig is done to 
indicate READY. 

Program Verify: If lock bits LB 1 and LB2 have not been pro- 
gcammed code data can be read back via the data lines for veri- 
fication: 

1 . Reset the internal address counter to OOOH by bringing RST 
ftom 'L' to *H'. 

2. Apply the appropriate control signals for Read Code data 
and read the output data at the port PI pins. 

3. Pulse pin XfALl once to advice the internal addie^ 
counter. 

4. Read the next code data byte at the port PI |nns. 

5. Rqieat steps 3 ami 4 until the entire array is read. 



The lock hits cannot be verified directly. Verification of the lock 
bits is achieved by observing that their features are enabled. 
Chip Erase: The entire PEROM array (1 Kbyte) and the two 
Lock Bits are erased electrically by using the proper combina- 
tion of control signals and by holdiiig P3.2 low for 10 ms. The 
code array is written with all " 1 "s in the Chip Erase operation 
and must be executed before any non-blank memory byte can be 
re-programmed. 

Reading the Stature Bytes: The signature bytes are read by 
the same procedure as a normal verification of locations OOOH, 
OOIH, and 002H, except that P3.5 and P3.7 must be pulled to a 
logic low. The values returned are as follows. 

(OOOH) = lEH indicates manufactured by Atmel 

(OOIH) = tlH indicates g9C10^1 



Programming Interface 

Every code byte in the Flash array can be written and the entire 
array can be erased by using the appropriate combination of con- 
trol signals. The write operation cycle is self-timed and once in- 
itiated, will automatically time itself to completion. 
All major programming vendors offer worldwide support for the 
Atmel micraconttoUer soies. Please contact your local pro- 
gramming vendor for the impropriate software revision. 
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Flash Programming Modes 



Mode 


RST 


P3.2/ 
PROG 


P3.3 


P3.4 


P3.5 


P3.7 


Write Code Data'^'^' 


12V 




L 


H 


H 


H 


Read Code Data'*' 


H 


H 


L 


l' 


H 


H 


Write Lopk 


Blt-1 


12V 




H 


H 


H 


H 




Bit-2; 


12V 




JH 


H 


L 


L 


Chip Erase 


12V 




H 


L 


L 


L 


Read Signature Byte 


H 


H 


L 


L 


L, 


L 



Notes: 1 . The internal PEROM address counter is reset to OOOH on the 
rising edge of RST and is advanced by a positive pulse at 
XTALl pin. 



2. Chip Erase requires a 10 ms PROG pulse. 

3. P3. 1 is pulled Low during programming to indicate RDYffiSY. 



Figures. Programming die Flash Memwf' 
AT89C1051 
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PROG H P3.2 
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P3.4 
P3.5 
-♦I P3.7 



PI 



.t' ,'1, -I : (■ 



XTAL1 
GND 



per 



.^ril 1: j: .;■ . .. . 



SV 
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Flash Programming and VerifiGation Characteristics 

Ta = 21 °C to 27°C, Vcc = 5.0 ± 10% 



Symbol 


Parameter 


Mln 


Max 


Units 


Vpp 


Programming Enable Voltage 


11.6 


12.5 


V 


Ipp 


Programming Enable Current 




250 


UA 


tOVGL - . 


Data Setup to PROG J,/^,^ 


^ . ,1.0 ... 


■ -'>' (.. 


. MS 


tQHDX 


Data Hold After PROG 






fis 


_tEHai , 


P3.4 (ENABLE) High to Vpp 




' ' 1 _ 


US 


tSHGL 


Vpp Setup to PROG Low 




_ M-^i! : — _ 


US 


tGHSL 


Vpp Hold After PROG ' j — 


— 


1 


US 


tGLGH 


PROG Width r 


— 1 - 


110 


US 


tELOV 


ENABLE Low to Data Valid 




1.0 


lis 


tEHQZ 


Data Float After ENABLE 


© 


1.0 


US 


tGHBL 


PROG High to BUSY Low 




50 


ns 


two 


Byte Write Cycle Time 




2.0 


ms 


tBHIH 


RDY/BSY to Increment Clock Delay 


1.0 




US 


tlHIL 


Increment Clock High 


200 




ns 



AT89Cliti 



AT89C1051 



Flash Programming and Verification Waveforms 



P0RT1 
P3.2 

RST 
(Vpp) 

P3.4 
(ENABLE) 

P3.1 
(RDY/BSY) 

XTALI 
(INCREMENT 
ADDRESS) 



DATA IN 



Wgl 'qhdx 



_A Ypp_ 



\ dataout"^ >^ 



\ LOGIC 1 



LjOGICO 



BUSY ) ( flEADY 

- W — 



Absolute Maximum Ratings* 



Operating Temperature -55°C to +125°C 

Storage Temperature -65°C to +150°C 

Voltage on Any Pin 

with Respect to Ground ^ -1 .0 V to +7.0 V 

Maximum Operating Voltage 6.6 V 

DC Output Current 25.0 mA 



•NOTICE: Stresses beyond those listed liitder ''Absolute Maximum 
Ratings" may cause pennanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions beyond those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect de- 
yice friability. 
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D.C. Characteristics 3i7»"K>t9v6'v -o.iflc .;.?v * (, . rMnirT.r v- 

Ta = -40°C to 85°C, Vex: = 2.7 V to 6.0 V (unless otheM^ liolsci) 



Symbol 


Parameter 


- Condition 


MIn 


Max 


Unite 


ViL 


Input Low Voltage 




-0.5 


0.2 Vcc-0.1 


V 


VlH 


Input High Voltage 


(Except XTALI.RST) ' 


0.2 Vcc+0.9 


Vcc+0.5 


V 


V|H1 


iiipuL niyii vuiidye 


1 Ml_ 1 , no 1 f 






V 


Vol 


Output Low Voltage'^' 


IOL = 20mA, Vcc = 5V 

lOL — 1 U ITIM, VCC — C..I \ 




0.50 


V 




Output High Voltage 
(Ports 1, 3) 


lOH = -80 nA, Vcc = 5 V ± 10% 


2.4 




V 


VOH 


ioH=-sroi!i« 


0.75 Vcc 




V 




IOHj»-t%H|( 


0.9 Vcc 




V 


In 


Logical Input Current 
(Ports 1,2,3) 


' f ^ -^^^ -T~ ■ 

, - - " -*| - -r ^ 




-ou 


11 A 
HA 


ITL 


Logical 1 to Transition 


Viw=34^ >— ' 




-75Q 




ILI 


Input Leakage Current 

rPrtrt P1 n P1 1^ 


< ViN < Vcc 




+10 


jiA 


Vos 


Comparator Input Offset 

Voltage 


VCc = SV 




20 


mV 


VCM 


Comparator Input 
Common Mode Voltage 







Vcc 


V 


RRST 


Reset Pulldown Resistor 




50' ' ■/ 


>300 ' -i 


YSi 


Cio 


Pin Capacitance 


Test Freq. = 1 MHz, Ta = 25°C 




10 


PF 






Active Mode, 12 MHz, Vcc = 6 V/3 V 




15/5.5 


mA 


Ice 


Power Supply Current 


Idle Mode, 12 MHz, Vcc =««<3 V • 
P1.0&P1.1 =OVorVcc 




5/1 


mA 




Power Down Mode'^' 


VcG = 6 ViPl.O & P1.1 = OV or Vcc 




100 


ha 




Vod = * V Pl .t & PI .1 = OV or Vcc 




20 


^A 



Notes: 1. Under steady state (non-transient) conditions. Iql must | '^ lOL exceeds the lest condition, VOL may exceed the 

be externally limited as follows: ii^^ajie^e «!ten, Has are not guiuanteed to sink 

MaximiunlOL per port pin:20inA " eugSKft^tsdW Ae Usted test conditibiis. 

Maximum total IQL for all output iteg:gO mA 2. Minimum Vcc for Power Down is 2 V. 
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External Clock Drive Waveforms 



Vcc-0.5V 



tcHCL 



0.45 V 




External Clock Drive 



Symbol 


Parameter 


Vcc = 


2.7 V to 6.0 V 


Vcc = 


4.0 V to 6.0 V 


UnKs 






Min 


Max 


Min 


Max 




1/tCLCL 


Oscillator Frequency 





12 





24 


MHz 


tCLCL 


Clock Period 


83.3 




41.6 




ns 


tCHCX 


High Time 


30 




15 




ns 


tCLCX 


Low Time 


30 




15 




ns 


tCLCH 


Rise Time 




20 




20 


ns 


tCHCL 


Fall Time 




20 - 




20 


ns 



AC Testing IripOFEIfOtrtptit Wav^f brihs ^ ' Float Waveforms 



-0.5 V 



0.45 V 




Timing Reference 

Points 



Note: 1. AC Inputs during testing are driven at Vcc - 0.5 V for a 
logic 1 and 0.45 V for a logic 0. Timing measurements 
are made at ViHinin. for a logic 1 and Vil niax. for a 
logic 0. 



Note: 1 . For timing purposes, a port pin is no longer floating when a 
' ' ,\ 100 mV change from load voltage occurs. A port pin be- 
gins to float when a 100 mV change from the loaded 
VohWol levd occurs. 



CI* i •- - u 



^13 



20-, — 




'FREQUENCY 



(MHz) 



^ '^T89C1051 



(QS'C) 











1 / Vcc=5.ov 











Vcc= 



3.0V 



AT89C1051 




Note: 1. XTALl tied to GND for Ice (power down). 

2. P.1.0 and Pl.l = Vccor GND. 

3. Lode bits programmed. 
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Ordering Information 



Speed 
(MHz) 


Power 
Supply 


Ordering Cotfe ■ ' ''• " -i^' 


Package 


Operation Range 


12 


2.7 V4o 6.0 V 

** 


AT89C1051-12PC 
AT89C1051-12SC 


20P3 
20S 


Commercial 
(0°C to TO-C) 






AT89C1051-12PI 
AT89C1051-12SI 


20P3 
20S 


Industrial 
(-40°C to 85°C) 


24 


4.0 V to 6.0 V 


AT89C1051-24PC 
AT89C1051-24SC 


20P3 
20S 


Commercial 
, {0°Cto70°C) 






AT89C1051-24PI 
AT89C10S1-24SI 


20P3 

„ 20S 
1 


Industrial 













Package Type 


20P3 


20 Lead, 0.300" Wide, PlasUc Dual Inline Package (PDIF) 


20S 


20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 
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Features 

• Compatible with IUICS-51™ Products 

• 2 Kbytes of Reprogrammable Flash Memory 

Endurance: 1 ,000 Write/Erase Cycles. . 

• 2.7 V to 6 V Operating Range 

• Fully Static Operation: Hz to 24 MHz 

• Two-Level Program Memory l^bck 

• 128 X 8-Blt Internal RAM 

• 15 Programmable I/O Lines 

• Two 16-Bit Timer/Counters 

• Six Interrupt Sources 

• Programmable Serial UART Channel 

• Direct LED Drive Outputs 

• On-Chip Analog Comparator 

• Low Power Idle ihd Power Down Modes, 



Descriptiori 

The Ay89G2051 is a low- voltage, high-performance CMOS 8-bit microcomputer with 2 Kby- 
tes of Flash programmable and erasable read only memory (PEROM). The device is manufac- 
tured using Atmel's high density nonvolatile memory technology and is compatible with the 
industry standard MCS-51™ instruction set and pinout. By combining a versatile 8-bit CPU 
with Flash on a monolithic chip, the Atmel AT89C2051 is a powerful microcomputer which 
provides a highly flexible and cost effective solution to many embedded control applications. 
The AT89C2051 provides the ft>llowing standard features: 2 Kbytes of Flash, 128 bytes of 
RAM, 15 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt architecture, a 
full duplex serial port, a precision analog comparator, on-chip oscillator and clopk ckcuitry . 
In addition, the AT89C205 1 is designed with static logic for operation down to zero -frequency 
and supports two software selectable power saving modes. The Idle Mode stops the CPU while 
allowing the RAM, timer/counters, serial port and interrupt system to conttgue Auctioning. 
The Power Down Mode saves the RAM contents but freezes the oscillator disab&ig all other 
chip fiinctio^ untfl'the HeXt hardwwe reset. i 



Pin Configuration 



PDIP/SOIC 



RST C 


1 


20 


□ vcc 


(RXD) P3.0 C 


2 


19 


□ PI .7 


(TXD) P3.1 C 


3 


18 


□ PI .6 


XTAL2 C 


4 


17 


□ P1.5 


XTAL1 C 


S 


16 


□ PI. 4 


(INTO) P3.2 C 


6 


15 


H PI. 3 


(INT1) P3.3 C 


7 


14 


□ PI .2 


(TO) P3.4 c 


8 


13 


□ P1.1 (AIN1) 


(Tl) P3.5 c 


9 


12 


□ P1.0 (AINO) 


GND C 


10 


11 


□ P3.7 



8-Bit 

Microcontroller 
with 2 Kbytes 
Flash 




mocK Diagram 



QND 



n 



RAMAODR. 
REGISTER 



RAM 



B 

REGISTER 



FLASH ^ 



STACK 
POINTER 



RST 



TIMING 
AND 
CONTROL 



INSTRUCTION 
REGISTER 



ANMJOO 
COMHWATOR 



INTERRUPT SERIAL PORT 
AND TIMER BLOCKS 



P0HT1 
U«CH 



T 



COMmHATOH ■ r 



PORT 1 DRIVERS 



PORT 3 
LATCH 



PROGRAM 
ADDRESS 



■4 ► BUFFB) 4 ► 



PC 

INGRaiENTER 



4 ► 



PROGRAM 
COUNTER 



4 ► 



PORT 3 DRIVERS 



P1.0-P1.7 
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Pin Description 

Voc 

Supply voltage. ■ 

GND I .■; : 

Ground. 
Port1 

Port 1 is an 8-bit bidirectional I/O port. Port pins PI. 2 to P1.7 
provide internal pullups, Pl.O and Pl.l require external pullups. 
Pl.O and Pl.l also serve as the positive input (AINO) and the 
negative input (AINl), respectively, of the on-chip precision 
analog comparator. The Port 1 output buffers can sink 20 mA 
and can drive LED displays directly. When Is are written to Port 
1 pins, they can be used as inputs. When pins P1.2 to P1.7 are 
used as inputs and are externally pulled low, they will source 
current (IIL) because of the internal pullups. 
Port t also receives code data during Flash programming and 
program verification. 
pfertS 

Port 3 pins P3.0 to P3.5, P3.7 are seven bidirectional I/O pins 
with internal pullups. P3.6 is hard-wired as an input to the output 
of the on-chip comparator and is not accessible as a general pur- 
pose I/O pin. The Port 3 output buffers can sink 20 mA. When 
1 s are written to Port 3 pins they are pulled high by the internal 
pullups and can be used as inputs. As inputs. Port 3 pins that are 
externally being pulled low will source current (Iil) because of 
the pullups. 

Port 3 also serves the functions of various special features of Ibe 
AT89C205I as listed below: 



Port Pin 


Alternate Functions 


P3.0 


RXD (serial input port) 


P3.1 


TXD (serial output port) 


P3.2 


INTO (external interrupt 0) 


P3.3 


INT1 (external interrupt 1) 


P3.4 


TO (timer external input) 


P3.5 


T1 (timer 1 external input) 



Port 3 also receives some control signals for Flash programming 

and programming verification. 

RST 

Reset input. All I/O pin6 are reset to Is as soon as J^T goes 

high. Holding the RST pin high for two machine cycles while 

the oscillator is running resets the device. 

Each machine cycle tafces lZ oscillator or dock cycles. 

XTAL1 

Input to the inverting oscillatcH' amplifier and input to the intra'- 

nal clock operating circuit. 

XTAL2 

Output from the inverting oscillator amplifier. 



Oscillator Characteristics 

XTALI and XTAL2 are the input and output, respectively, of 
an inverting amplifier which can be configured for use as an 
on-chip oscillator, as shown in Figure 1 . Either a quartz crystal 
or ceramic resonator may be used. To drive the device from an 
external clock source, XTAL2 should be left unconnected 
while XTALI is driven as shown in Figure 2. There are no re- 
quirements on the duty cycle of the external clock signal, since 
the input to the internal clocking circuitry is through a divide- 
by-two flip-flop, but minimum and rMxifum voltage high and 
low time specmcatidns^ttt^'%e c^serv^ 



Figure 1. Oscillator Connections 




XTAL2 



XTALI 



GND 



Notes:Cl,C2 = 30pF± 10 pF for Crystals 

= 40 pF ± 10 pF for Ceramic Resonators 

Figure 2. External Clock Drive Configuration 



NC 
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XTAL2 



XTAL1 



GND 




Special Function Registers 

A map of the on-chip memory area called the Special Function 
Register (SFR) space is shown in the table below. 
Note that not all of the addresses are occupied, and unoccupied 
addresses may not be implemented on the chip. Read accesses 
to these addresses will in general return random data, and write 
accesses will have an indeterminate effect. 



Table 1 . AT89C2051 SFR Map and Reset 



User softwaie dumld not write Is to these unlisted locations, 
since they msf be used in future products to invoke new fea- 
tures. In Aat case, the reset or inintive vdQ^fxf ^ new bits will 
alwi^s be 0. 



0F8H 

OFOH 

0E8H 

OEOH 

0D8H 

ODOH 
0C8H 
OCOH 

0B8H 

OBOH 

0A8H 
OAOH 
98H 

90H 

88H 

80H 













• is i ■",».; 






B 

00000000 




' ' ' 


, ..J.J 


























ACC 
00000000 




J 
















) 














PSW 
00000000 
















































IP 

xxxooooo 
















P3 

11111111 




■ ■ Ir . 












IE 

oxxooooo 
































SCON 
00000000 


SBUF 

xxxxxxxx 














P1 

11111111 
















ICON 
00000000 


TMOD 
00000000 


TLO 
00000000 


TL1 
00000000 


THO 
00000000 


TH1 
00000000 








SP 
00000111 


DPL 
00000000 


DPH 
00000000 








PCON 

oxxxoooo 



OFFH 



0F7H 

jf.u 

OEFH, 



0E7H. 

ODFH 

0D7H 
OCFH 
0C7H 

OBFH 

0B7H 

OAFH 
0A7H 
9FH 

97H, , 

8FH 

87H 



I 
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Restrictions on Certain Instructions 

The AT89C205 1 and is an economical and cost-effective mem- 
ber of Atmel's growing family of microcontrollers. It contains 
2 Kbytes of flash program memory. It is fully compatible with 
the MCS-51 architecture, and can be programmed using the 
MCS-51 instruction set. However, there are a few considera- 
tions one must keep in mind when utilizing ceitain instructions 
to program this device. 

All the instructions related to jumping or branching should be 
restricted such that the destination address falls within the 
physical program memory space of the device, which is 2K for 
the AT89C205I. This should be the responsibility of the soft- 
ware programmer. For example, LIMP 7E0H would be a valid 
instruction for the AT89C20SI (with 2K of memory), wherea$ 
UMP 900H would not 

1 . Branching instructions: 

LCALL, LJMP, ACALL, AJMP, SJMP, IMP @A+DPTR 
These unconditional branching instructions will execute cor- 
rectly as long as the programmer keeps in mind that the destina- 
tion branching address must fall within the physical boundaries 
of the program memory size (locations OOH to 7FFH for the 
89C2051). Violating the physical space limits may cause un- 
known program behavior. 

CINE [...], DJNZ [...], JB, JNB, JC, JNC, JBC, JZ, JNZ With 
these conditional branching instructions the same rule above ap- 
plies. Again, violating the memory boundaries may cause er- 
ratic execution. 



For applications involving interrupts the normal interrupt serv- 
ice routine address locaticMB of ^ 80CS1 family architecture 
have been preserved. 

2. MOVX-related insUiictions, Data Menuny: 
The AT89C2051 contains 128 bytes of internal data memory. 
Thus, in the AT89C205 1 the stack depth is limited to 128 bytes, 
the amount of available RAM. External DATA memory access 
is not supported in this device, nor is external PROGRAM 
memory execiition. Therefore, no MOVX [...] instructions 
should be included in the program. 

A typical 80C51 assembler will still assemble instructions, even 
if they are written in violation of the restrictions mentioned 
above. It is the responsibility of the controller user to know the 
physical features and limitations of the device being used and 
adjust the instructions used correspondingly. 
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On the chip are two lock bits which can be left unprogrammed 
(U) or can be programmed (P) to obtain the additional features 
listed in the table below: 



Lock Bit Protection {Modes' 



Prdgtam Lock Bits 




LB1 


LB2 


Protection Type 




U 


No program lock features. 


2 P 


U 


Further programminglieilHli" 
Flash is dlsabj^d,, '>r>. 


3 P 


P 


Same as mode^nalso verify 
Is disabled. 



Note: 1. The Lock Bits can only be erased with the Cl)i|) Ecase 
opraation 



Idle Mode 

In idle mode, the CPU puts itself to sleep while all the on-chq> 
peripherals remain active. The mode is invoked by software. 
The content of the on-chip RAM and all the special functions 
registers remain unchanged during this mode. The idle mode can 
be traminated by any enabled interrupt or by a hardware reset. 

Pl.OandPl.l should be set to '0' if no external puUuis aroused, 
or set to ' 1 ' if external pullups are used. 

It should be noted that when idle is terminated hy a bat^nme 
reset, tlie device normally resumes prograga m^eiii^m, teem 
where it left off, up to two machine cyt^ b^me itlmijd 
reset algorithm takes control. On-chip bmtfwiME i^Uts access 
to internal RAM in this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an unexpected write to 
a port pin when Idle is terminated by ttie inittuelini fill- 
lowing the one that invokes Idle should BMte <We#tt W^Ss 10 
a port pin or to external memory. 

Power Down Mode 

In the power down mode the oscillator is stopped, and the in- 
struction that invokes power down is the last instruction exe- 
cuted. The on-chip RAM and Special Function Registers retain 
their values until the power down mode is terminated. The only 
exit from power down is a hardware reset. Reset redefines the 
SFRs but does not change the on-chip RAM. The reset should 
not be activated before Vcc is restored to its normal operating 
level and must be held active long enough to allow the oscillator 
to restart and stabilize. 

Pl.O and PI.l should be set to '0' if no external pullups are used, 
or set to ' 1 ' if external pullups are used. 



r'rogranifiiiii9~l»iiie<l*MRfi' " 'r>-'"- r''^-- 

The AT89C2051 is shipped with the 2 Kbytes of on-chip 
PEROM code memory array in the erased state (i.e., contents = 
FFH) and ready to be programmed. The code memory array is 
programmed one byte at a time. Once the array is programmed, 
to re-program any non-blank byte, the entire memory array 
needs to be erased electrically. 

Internal Address Counter: The AT89C205 1 contains an in- 
ternal PEROM address counter which is always reset to OOOH on 
the rising edge of RST and is advanced by applying a positive 
going pulse to pin XTAL 1 . 

Programming Algorithm: To program the AT89C2051, the 
following sequence is recommended. 
1 . Power-up sequence: 

Apply power between Vcc and GND pins 

Set RST and XTALl to GND 

With all other pins floatiqg, wait for gteaterftban IQ.. . 

i. .^etpin RST to 'H' 
3etpinP3.2to 'H' 

3. Apply the appropriate combination of 'H' or 'L' logic 
levels to pins P3.3, P3.4, P3.5, P3.7 to select one of the pro- 
grairuning operatifl!OS>^GMni Hkl^ PEROM Programming 
Modes table. 

To Program and Verify the Array: 

4. Apply data for Code byte at location OOOH to PI .0 to PI .7. 
S? iMfW^ lip enafcle prd^annhing. 

4 J^^#3i2 Qlsee pragma a tpe in the PEROM array or 
&ie lock hues. The bytcwiitB cydie is self-timed and typi- 
cally takes 1 .2 ms. 

7. To verify the programmed data, lower RST from 12V to 
t^tc 'H' level and set pins P3.3 to P3.7 to the appropiate 
levels. Output data can be read at the port PI pins. 

84 To program a byte at the next address location, pulse 
XTALl pin once to advance the internal address counter. 
Apply new data to the (lort PI pins. 

9. Repeat steps 5 through 8, changing data and advancing the 
address counter for the entire 2 Kbytes array ot until the 
end of the object file is reached. 

10. Power-off sequence: 
set XTALl to 'L' 
set RST to 'L' 

Float all other VO pins 
Turn Vcc power off 
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Data Polling: The AT89C2051 features Data Polling to indi- 
cate the end of a write cycle. During a write cycle, an attempted 
read of the last Ijyte writen will result in the complement of the 
written data on P1.7. Once the write cycle has been completed, 
true d ata is valid on all outputs, and the next cycle may begin. 
Data Polling may begin any time after a write cycle has been 
initiated. 

Ready/Busy: The Progress of byte programming can also be 
monitored by the RDY/BSY output signal. Pin P3.1 is pulled 
low after P3.2 goes High during programming to indicate 
BUSY. P3.1 is pulled Hi^ again wh«D programming is done to 
indicate READY, 

Program Verify: If lock bits LB 1 and LB2 have not been pro- 
grammed code data can be read back via the data lines for veri- 
fication: 

1 . Reset the internal address countw! to OOOH by bringing RST 
from 'L' to "H". 

2. Apply the appropriate control signals for Read Code data 
and read the output data at the po^t PI pins. 

3. Pulse pin XTALl once to advance the internal address 

counter. 

4. Read the next code data byte at the port PI pins. 

5. Repeat steps 3 and 4 until the entire array is read. 



The lock bits cannot be verified directly. Verification of the lock 
bits is achieved by observing that their features are enabled. 
Chip Erase: The entire PEROM array (2 Kbytes) and the two 
Lock Bits are erased electrically by using the proper combina- 
tion of control signals and by holding P3.2 low for 10 ms. The 
code array is written with all " 1 "s in the Chip Erase operation 
and must be executed before any non-blank memivy byte can be 
re-programmed. 

Reading the Signature Bytes: The signature bytes are read by 
the same procedure as a normal verification of locations OOOH, 
OOIH, and 002H, except that P3.5 and P3.7 must be pulled to a 
logic low. The values returned are as follows. 

(OOOH) = lEH indicates manufactured by Atmel 

(OOIH) = 21H indicates 89C20S1 



Programming Interface 

Every code bylc in (he Flash array can be written and the entire 
array can be erased by using the appropriate combination of con- 
trol signals. The write operation cycle is self-timed and once in- 
itiated, will automatically time itself to completion. 
All major programming vendors offer worldwide support for the 
Atmel microcontroller series. Please contact your local pro- 
gramming vendor for die appropriate software revision. 



Flash Programming Modes 



Mode 


RST 


P3^ 
PROG 


P3^ 


P3-* , 


P9JS 


P3.7 


Write Code Data<^'^' 


12V 




L 


H 


H 


H 


Read Code Data'^' 


H 


H 


L 


L 


H 


H 


Write Lock Bit - 1 


12V 




H 


H 


H 


H 


Bit -2 


12V 




H 


H 


L 


L 


Chip Erase 


12V 


^> 


H 


L 


L 


L 


Read Signatute Byte 


H 


H 


L 


L 


L 


L 



Notes:, I. The internal PEROM address counter is reset to OOOH on the 2. Chip Erase requires a 10 ms PROG pulse. 

rising edge of RST and is advanced by a positive pulse at 3. P3. 1 is pulled Low during programming to indicate RDY/BSY\. 
XTALl pin. 



Figure 3. Programming the Flash Memory 
AT89C20S1 

R DY/BS Y <- 
PROG H P3.2 



SEE FLASH 

PROGRAMMING H 

(IXODES TABLE 



5V 



TO INCREMENT 
ADDRESS COUNTER 




VVPP 



Figure 4. Verifying the Flash Memory 
AT89C2051 



5V 



SEE FLASH 
PROGRAMMING 
MODES TABLE 

.'! . I. . .■/ '(11,. I , i; 



■'■■-.ft 



P3.2 
P3.3 
P3.4 
P3.5 



Vcc 
PI 



XTALI 



RST 



ic.;- .t^' . hi,-.:. 



Flash Programming ancl lMflcation GtHMnH^plsties 

Ta = 21 °C to 27°C, Vcc = 5.0 ± 1 0% 



Symbol 


Parameter 


MIn 


Max 


Units 


VPP 


Programming Enable Voltage 


11.5 


12.5 


V 


Ipp 


Programming Enable Current 




250 


iiA 


tDVGL 


nata Rotpiptn PROft 1 „, -,..„ 


— m — 


!> . . ■ ■ ■■ 


US 


tGHDX 


Data Hold After PROG 




1 . 


US 


tEHSH 


P3.4 (ENABLE) High^ype__l_ ' 






US 


tSHGL 


Vpp Setup to PROG Low J 


m 


VSt ,j 


us 


tGHSL 


Vpp Hold After PROG 




— 


US 


tGLGH 


PROG Width "~ 


1 


—110 


US 


tELQV 


ENABLE Low to Data Valid 




1.0 


tis 


tEHQZ 


Data Float After ENABLE '< 





1.0 


US 


tGHBL 


PROG High to BUSY Low 




50 ^ 


ns 


two 


Byte Write Cycle Time 




2.0 


ms 


tSHIH 


RDY/BSY\ to Increment Clock Delay 


1.0 




1*8 


tlHIL 


Increment Clocl< High 


200 




m 
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Flash Programming and V^fHuMtoi Waveforms 



PORTT 

(PRoe) 



RST 
<Vpp) 



P3.4 
(ENABLE) 

P3.1 7 

XTAL1 
(INCREMENT 
ADDRESS) 



DATA IN 



/l 



■ ■-DATA OUT > 



. LOGIC 1 



LOGIC 



BUSY 



READY 



%HIH 



1e?' 



Absolute Maximum Ratings* 



Operating Temperatufs: 


-55°Cto+125°C 






Voltage on Any Pin 




witti Respect to Ground 


-1.0 V to +7.0 V 


Maxinr«um Operating Voltage-.^... 


;v......;;...6.&v 


DC Output Current 


25.0 mA 



*NOTICE: Stresses beyond those listed under "Absolute Maximum 

Ratings" may cause permanent damage to the device. This is a 

stress rating only and functional operation pf the device at these 

or any other Conditions beyond those iiiiUt&tdd M the operational 

sections of this specification is not implied. Exposure to absolute 

' ^ in^xiiniim rating conditions for extended periods may affect de- 

— vicerdidnlity. ^ .ve'j . 

• .i 1 ' ^ V " -- ".- . \ 



Ta = -40=C to 85°C, Vcc = 2.7 V to 6.0 V (unless otherwise noted) 



Symbol 


Parameter 


Condltton 


Min 


Max 


Units 


ViL 


Input Low Voltage 


— ^ 


, - 

-0.5 


0.2 Vcc-0.1 


V 


VlH 


Input High Voltage 


(Except XTALI.RST) , 




Vcc+0.5 


V 


V|H1 


Input High Voltage 


(XTAL1 , RST) 






V 


Vol 


Output Low Voltage^ ' 
(Ports 1,3) 


IOL = 20mA, Vcc = 5V , , 
IOL = 10mA, Vcc = 2.1V' : ; ^ 




0.5 


V 




Output High Voltage 
(Ports 1, 3) 


lOH = -80 (lA, Vcc = S V ± 10% 


2.4 


-= 


V 


VOH 


lOH = -30 nA 


0.75 Vcc 




V 




IOH = -12nA 






V 


IlL 


1 oniral Ci Inniit Ourmnt 

LaV/Ulk#CU \J II lUUl X^UIIOIII 

(Ports 1,2, 3) 


ViN = 0.45 V 






-50 


ma 


ITL 


1 nnipfll 1 to n TranQitinn 

Current (Ports 1 , 2, 3) 


ViN=a;V 




- -750 ^ , - 


VA 


Ili 


Inniit 1 pf^knnp f^iirrpnt ' 

II IWu L LwCliVClUw N-^ U 1 1 wl^l 

(Port P1.0, P1.1) 


0<V)N< Vcc 




+10 


HA 




Comparator Input Offset 

Voltage 


VCG — a V 




20 


mV 


VCM 


Comparator Input 
Common Mode Voltage 







Vcc 


V 


RRST 


Reset Pulldown Resistor 




50 


300 


Kn 


ClO 


Pin Capacitance 


Test Freq. = 1 MHz, Ta = 25°C 




10 


PF 






Active Mode, 12 MHz, Vcc = 6 V/3 V 




15/5.5 


mA 


Ice 


Power Supply Current 


Idle Mode, 12 MHz, Vcc = 6 V/3 V 
P1.0&P1.1 =0V or Vcc 




5/1 


mA 




Power Down Mode'^* 


Vcc = 6 V P1.0 & P1.1 = OV or Vca 




100 


(lA 




Vcc = 3VPi.o&Pi.i = pvorVcc 




20 





■.: f 

Notes: 1. Undra steady state (non-transient) conditions, lOL must IflOLesces^ the test condition, VOL may exceed the 

be externally limited as follows: — ielatedS|ieeSaiMuKns are not guaranteed tojiinlL _ 

MaxiniamIoLl)a'portpin:20mA cunentgiealerttantte listed test con^oBs. 

Maximum tolallOL for all output pins:80niA 2. Minimum Vcc for Power Down is 2 V. 
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External Clock Drive Waveforms • ; - i' 



tcHCX 




External Clock Drive 



Symbol 


Parameter 


Vcc = 


2.7 V to 6.0 V 


Vcc = 


4.0 V to 6.0 V 


Units 






MIn 


Max 


Min 


Max 




1/tCLCL 


Oscillator Frequency 





12 





24 


MHz 


tCLCL 


Clock Period 


83.3 




41.6 




ns 


tCHCX 


High Time 


30 




15 




ns 


tCLCX 


Low Time 


30 




15 




ns r 


tCLCH 


Rise Time 




20 




20 


ns 


tCHCL 


Fall Time 




20 




20 


ns 




Serial Port Timing: Stiift Register lUlode Test Cogi^ti^s^ ./ »vhC ><o ' - ' ; 



(Vcc = 5.0 V ± 20%; Load Capacitance - 80 



Symbol 


Parameter i ! 


12 MHz Osc 

Min Max 


Variable Oscillator 

Min Max 


Units 


tXLXL 


'■ -'^^ r KJiJ 

Serial Port Clock Cycle Time ! 


1^ 1 


12tcLeL - 1 -V 2.0 - . ■ 


^s 


tQVXH 


Output Data Setup to Clock Rising Edge 


700 


10tCLCL-133 


ns 


tXHQX 


Output Data Hold After Clock Rj^g Edge 


50 


2tCLCL-33 


ns 




Input Data Hold After Gimk f%ef|%<<i{liaL. . 




o' " 


ns 


tXHDV 


Clock Rising Edge to Input Data^^idid ^. j- 


)t *; 700 




ns 



Shift Register Mode Timing Waveforms 



INSTRUCTION 
ALE 



CLOCK 



lOil |2|3i. 4|5|6|7|8i 




OUTPUT DATA - 
, CLEAR Rl , 



INPUT DATA 



tv, 



x:i303<iT>c^3cx:>a: 



SET 



Tit 



Li SETRlt. -^-JL- 



AC Testing Input^u^ut Waveforms Float Wav^orms 



.(1) 



-0.5 V 



0.45 V 





Timing Reference 

Points 



Note: 1 . AC Inputs during testing are driven at Vcc - 0.5 V for a 
logic I and 0.45 V for a logic 0. Timing measurements 
are made at Vih min. for a logic I and Vil max. for a 
lo^cO. 



Note; 1 . For timing purposes, a port pin is no longer floating when 2 
!00 mV change from load voltage occurs. A port pin be- 
gins to float when a 100 mV change from the loaded 
Vc^VOLtevd pceucs. 



^a^ AT89C2051 ^^MMto 
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AT89C2051 

TYRCAL ICC - ACTIVE (85°C) 



I 15 
C 



m 









Vcc=6.0V 






Vcc=5.0V 










Vcc=3.0V 











6 12 , 18 24 



AT89C2051 
TYPICAL ICC - IDLE (BS^C) 



3 

I 

C 2 









Vcc=6.0V 






Vcc=5.0V 










Vcc=3.0V 



3 6 9 12 

FREQUENCY (MHz) 



AT89C2051 
TYPICAL ICC vs. VOLTAGE - POWER DOWN (85°C) 


























— — ■■ — ^-c:^- ^' — = 









3.0V 4.0V S.OV 6.0V 

Vcc VOLTAGE 

Note: 1. XTALl tied to GND for Ice (power down). 

2. P.1.0andPl.l = VccorGND. 

3. Lode bits prognnmned. 
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Ordering Information 



Speed 


Power 








(MHz) 


Supply 


Ordering Code 


Package 


Operation Range 


12 


2.7 V to 6.0 V 


AT89C2051-12PC 


20P3 


Commercial 






AT89C2051-12SC 


20S 


(CC to 70°C) 






AT89C2051-12PI 


20P3 


Industrial 






AT89C2051-12SI 


20S 


(-40''C to 85=C) 


24 


4.0 V to 6.0 V 


AT89C2051-24PC 


20P3 


Commercial 






AT89C2051-24SC 


208 


(0°C to 70°C) 






AT89C2051-24PI 


20P3 


Industrial 






AT89C2<^1-24SI 


20S 


(-40°C to 85°C) 



Package Type 


20P3 


20 Lead. 0.300" Wide. Plastic Dual In-line Package (PDIP) 


20S 


20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 



yi<,^,^.-.' 



V 0.5 01 V KS 



.JIM) 



St 
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Features 

• Compatible with MCS-S1™ Products 

• 4 Kbytes of in-System Reprogrammabie Fiash Memory 

Endurance: 1,000 Write/Erase Cycies 

• Fuiiy Static Operation: Hz to 24 MHz 

• Tliree-Levei Program Memory Lock 

• 128 X 8-Bit Internal RAM ,^ 

• 32 Programmable I/O Lines 

• Two 16-Bit Timer/Counters 

• Six Interrupt Sources 

• Programmable Serial Channel 

• Low Power Idle and Power Oown Modes ~ 



Description 

The AT89C5 1 is a low-power, high-peifoimance CMOS 8-bit microcomputer with 4 Kbytes 
of Flash Programmable and Erasable Read Only Memory (PEROM). The device is manufac- 
tured using Atmel's high density nonvolatile memory technology and is compatible with the 
industry standard MCSr5 1™ instruction set and pinout. The on-chip Flash allows the program 
memory to be reprogrammed in-system or by a conventional nonvolatile memory program- 
mer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel AT89C5 1 
is a powerful microcomputer which provides a hi{^y flexible anS cost effectivis SQlntioii tp 
many embedded control applications. , 
The AT89CSI provides the following standard features: 4 Kbytes of Flash, 128 bytes of 
RAM, 32 I/O lines, two 1 6-bit timer/counts, a five vector two-level interrupt aichitectuie, a 
full duplex serial pert, on-chip oscillator and dock circuitry. In addition, the AT89CS1 is 
•r v. -.•.I ' (continued) 



PDIP/CenJIp 



Pin Configurations 







PQFP/TQFP 


* 
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INDEX 
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CORNER 
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P1.5 C 


1 


33 


□ P0.4 (AD4) 


PI. 6 C 


2 


32 


□ PCS (ADS) 


PI. 7 C 


3 


31 


□ P0.6 (ADS) 


RST C 


4 


30 


□ P0.7 (AD7) 


(RXD) P3.0 C 


5 


29 


□ EA/VPP 


NC C 


6 


28 


□ NC 


(TXD) P3.1 C 


7 


27 


□ ALE/PROG 


(INTO) P3.2 C 


8 


26 


□ PSEN 


(INT1) P3.3 C 


9 


25 


D P2.7 (A15) 


(TO) P3.4 C 


10 


24 


3 P2-6 (A14) 


<T1) pa.5 C 


11 


23 


□ P2.5 (A13} 



P1.0 


C 


1 


40 




vcc 


P1.1 


c 


2 


39 


□ 


PO.O (ADO) 


PI. 2 


c 


3 


38 


□ 


P0.1 (ADI) 


PI, 3 


c 


4 


37 


□ 


PO.Z (AD2) 


P1.4 


c: 


S 


36 


□ 


P0.3 {A031 


P1.5 


c 


6 


35 


□ 


PC. 4 (AD4) 


PI. 6 


c 


7 


34 




P0.5 (ADS) 


P1.7 


c 


8 


33 




P0.6 {AD6) 


RST 


c 


9 


32 




P0.7 <AD7) 


(RXD) P3.0 


c 


10 


31 




EA/VPP 


(TXD) P3.1 


c 


11 


30 




ALE/PROG 


(IRT3) P3.2 


c 


12 


29 




PSEN 


(iNTi) P3.3 


c 


13 


28 


□ 


P2.7 (A15) 


(TO) pa. 4 


c 


14 


27 


□ 


P2.6 (A14) 


(T1) P3.5 


c 


15 


26 




P2.5 (A13) 


(WH) P3.6 


c 


16 


25 


□ 


P2.4 (A12) 


(RC) P3.7 


c 


17 


24 




P2.3 (All) 


XTAL2 


c 


18 


23 




P2.2 (A10) 


XTALI 


c 


19i , 


- 22 




P2.1 (A8> 


aND 


c 


2& 






P2.0 (A8) 






PLCC/LCC 







\ 

1.5 c : 

1.6 C I 



3 O O — C 

- . . .- U <j6 ' 
L Q. 0. CL z > a 



nsT 

(RXD) P3.0C 

NC I 
(TXD ) P3.1 I 
( INTO ) P3,2 I 
(INTl) P3.3C 
(TO) P3.4 C 
(T1) P3.5 C 



uuuuuuuuuuu 



33 ^ 

32 :] 



JUUUUUUUUUU 

LB-PPO 0.^0.0.0. 



BO O) O T- N 



I P0.4 (A04) 
) P0.5 (ADS) 
I P0.6 (AD6) 
IP0.7 (AD7) 
I EA/VPP 

I NC 

ALE/P ROG 
PSEN 
P2.7 (A15) 
P2.6 (A14) 
P2.5 (A13) 
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8-Bit 

Microcontroller 
with 4 Kbytes 
Flash 




Block Diagram 



PSEN ■* 
ALE/PROG •* 
EA"/ Vpp — 
RST — 



PORT DRIVERS 



RAM ADDR. 
REGISTER 



B 








REGISTER 




ACC 



PORT 2 SRt\^ 



PORT 
LATCH 



PORT 2 
LATCH 




FLASt^ 



nT Jot.; 



^a«i>.vs»i|i)oi>i 
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POINTER 



TIMING 
AND 
CONTROL 
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REGISTER 



. n. i' ' I- " I", 



li.'l 3V ill': ,.■ .•.>!, 



INTERRUPT, SERIAL PORT 
AND TIMER BLOCKS 



PORT 1 
LATCH 



-3:-— . r 



I 



PORT 1 DRIVERS 



PROGRAM 
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M > 



PC 

INCREMENTER 



<4 ► 



PROGRAM 
COUNTER 



> DFTR 4 



PORT 3 
LATCH 



PORT 3 DRIVERS 



Description (Continued) 

designed with static logic for operation down to zero frequency 
and supports two software selectable power saving modes. The 
Idle Mode slops the CPU while allowing the RAM, timer/count- 
ers, serial port and interrupt system to continue functioning. The 
Power Down Mode saves the RAM contents but freezes the os- 
cillator disabling all other chip functions until the next hardware 
reset. 

Pin Description 

Vcc 

Supply voltage. 

GND 
Ground. 

Pono 

Port is an 8-bit open drain bidirectional I/O port. As an output 
port each pin can sink eight TTL inputs. When Is are written to 
port pins, the pins can be used as high-impedance inputs. 
Port may also be configured to be the multiplexed low-order 
address/data bus during accesses to external program and data 
memory. In this mode PO has internal puUups. 
Port also receives the code bytes during Flash programming, 
and outputs the code bytes during program verification. External 
pullups are required diuing program verification. 
Port 1 

Port 1 is an 8-bit bidirectional I/O port with internal pullups. The 
Port 1 output buffers can sink/source four TTL inputs. When Is 
are written to Port 1 pins they are pulled high by the internal 
pullups and can be used as inputs. As inputs. Port 1 pins that are 
externally being pulled (ow will soatce cntreot (^)'becaus« of 
the internal pullups. 

Port 1 also receives the low-order address bytes diuing Flash 

programming and program verification. 

Porta 

Port 2 is an 8-bit bidirectional I/O port with internal pullups. The 
Port 2 output buffers can sink/source four TTL inputs. When Is 
are written to Port 2 pins they are pulled high by the internal 
pullups and can be used as inputs. As inputs. Port 2 pins that are 
externally being pulled low will source current Qsi) because of 
the internal puUups. 

Port 2 emits the high-order address byte during fetches from ex- 
ternal program memory and during accesses to extenud data 
memory that use 16-bit addresses (MOVX @ DPTR). In this 
application it uses strong internal pullups when emitting Is. 
Diuing accesses to external ditta mranory that use S-bit ad- 
dresses (MOVX @ RI), Port 2 emits the contents of flie P2 Spe- 
cial Function Register. 

Port 2 also receives the high-order address bits and some control 

signals during Flash p'ogramming and verification. 

Porta 

Port 3 is an 8-bit bidirectional I/O port with internal pullups. The 
Port 3 output buffers can sink/source four TTL inputs. When Is 
are writt«>-(t> Port 3 fnivii tliey are pQlled high by ^ iiltemal 



AT89C51 

at; . 

pullups and can be used as inputs. As inputs, Port 3 pins that are 
externally being pulled low will source current (Iil) because of 
the pullups. 



Port 3 also serves the functions of various special features of the 
AT89C51 as listed below: 



Port Pin 


Alternate Functions 


P3.0 


RXO (serial input port) 


P3.1 


TXD (serial output port) 


P3.2 


INTO (extenal interrupt 0) 


P3.3 


INT1 (extenal interrupt 1) 


P3.4 


TO (timer extenal input) 


P3.5 


T1 (timer 1 external input) 


P3.6 


WR (extenal data memory write strobe) 


P3.7 


RD (external data memory read strobe) 



Port 3 also receives some control signals for Flash programming 
and programming verificatioii^ ^ ' ^ ' 

RST 

Reset input A high on this pin for two maduae cycles wUIS'IIib 
oscillator is runnir^ resets Use devie^ I . i 

ALE/PROG 

Address Lalch Enable output pulse for latching the low byte of 
the address during access es to ex ternal memory. This pin is also 
the program pulse input (PROG) during Flash programming. 
In normal operation ALE is emitted at a constant rate of 1/6 the 
oscillator frequency, and may be used for external timing or 
clocking purposes. Note, however, that one ALE pulse is 
skipped during each access to external Data Memory. 
If desired, ALE operation can be disabled by setting bit of SFR 
location 8EH. With the bit set, ALE is active only during a 
MOVX or Move instruction. Otherwise, the pin is weakly 
pulled high. Setting the ALE-disable bit has no effect if the mi- 
crocrontroUer is in external execution mode. 
PSEN 

Progjam Store Enable is die leai ssMbt'to &iUxmi piogam 
memory. ' ' ' f : 

When the AT89 C51 is executing code from external program 
memory . PSEN is activated twice each machine cycle, except 
that two PSEN activations are skilled dmiog eadi access to ex- 
ternal data memory. 
EAA/pp 

External Access Enable. EA must be strapped to GND in order 
to enable the device to fetch code from external program mem- 
ory locations starting at OOOOH up to FFFFH. Note, however, 
that if lock bit 1 is programmed, EA will be internally latched on 
reset. 

EA should be strapped to Vcc for intran^l program ejteca^pns. 
This pin also receives the 12-vorf programming enable voltage 
(Vpp) during Flash programming, for parts that require l2-volt 
Vpp. 

(continued) 



XTAL1 

Input to the inverting oscillator amplifier and input to the inter- 
nal clock operating circuit ; u g i'MSTlA 
)CTAL2 — — 



Oscillator Characteristics 

XTALl and XTAL2 are the input and output, respectively, of an 
inverting amplifier which can be configured for use as an on- 
chip oscillator, as shown in Figure 1. Either a quartz crystal or 
ceramic resonator may be used. To drive the device from an ex- 
ternal clock source, XTAL2 should be left unconnected while 
XTALl is driven as shown in Figure 2. There are no require- 
ments on the duty cycle of the external clock signal, since the 
input to the internal clocking circuitry is through a divide-by- 
two flip-flop, but minimum and maximum voltage high and low 
time specifications must be observed. 

Idle Mode 

In idle mode, the CPU puts itself to sleep while all die on-chip 
peripherals remain active. The mode is invokedi by selStk^ 
Ute^coiieatt of the oO-chip RAM and all die special I 
ie^s^ resMUB uachtngciddining tMs mode. The idle e 
be tertt^atei) by any eiiabl^ ittttrrupt of by a baFdwaiettiieD • 
It should be noted that when idle is terminated by a hardware 
reset, the device normally resumes program execution, from 
where it left off, up to two machine cycles before die intonal 
reset algoridmi takes control. On-chip hardware inhibits access 
to >intemal RAM in this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an unexpected write to 
a port pin when Idle is terminated by reset, the instruction fol- 
lowing the one that invokes Idle should not be one that writes to 
a port pin or to external memory. 



Power Down Mode 

In the power down mode the oscillator is stopped, and the in-, 
struction that invokes power down is the last insffuction exe- 
cuted. The on-chip RAM and Special Function Registers retain 
their values until the power down mode is terminated. The oply 
exit from power down is a hardware reset. Reset redefines thi 
SFRs but does not change the on-chip RAM. The reset sbmU 
not be activated before Voq is restored to its normal operating 
level and must be held active le^iMough to allow the oscillator 
to restart and stabilize. tlO). . ^^ -^-^ -4 



Figure 1. Oscillator Connections 
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Status of External Pins During Idle and Power Down 



Mode 


Program l^emory 


ALE 


PSEN 


PORTO 


P0RT1 


PORT2 


PORT3 


Idle 


Internal 


1 


1 


Data 


Data 


Data 


Data 


Idig 


External 


1 


1 


JToat, 


Data 


Address 


Data 


Power Down 


Internal 










Data 


Data 


Data 


Power Down 


External 








Float 


Data 


Data 


Data 
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AT89C51 



Program Memory ;1i<»e!k Bits 

On the chip are three toekibit^iwhieitean be U)lt.\mpm§fl»!iiB^ 
(U) or can be pFogrammed ^ to obtaia<tfae additicmal featwes 
listed in the table below: 

When lock bit 1 is programmed, the logic level at thte EA'pin is 
sainqdeditipd latched during: leseL.H'the deviee is powraed up 



without a reset, the latch initializes to a random value, and holds 
that value until reset is activated. It is necessary that the latched 
value of EA be in agreement with the current Ibgic level at that 
pin in order foi'<ta{>8evkie to function propei^y . 



Lock Bit Protection IVIodes 





Program Lock Bits 
LB1 LB2 








LBS 


Protection Type 


-1 


- U 


_ U . _ 


"U 


No program lock features. 


2 ■ 


P 


■■■ U ' 


U 


Move instructions executed from external program memory are disabled from 
fetching code bytes from intemal memory, EA is sampled and latched drr reset, and 
further programming of the Flash is disabled- 


3 


P 


P 


U 


Same as moite 2, also verify Is disabled. . r I . ""-^ '-t '"'}Pi'E__ "' ^ 


4 


P 


P 

*< ' 


P 


Same as naiifta. aleo external execution is disabledi 

' 1; ^ ^WBW 1 — ■ 3 — H i - .'iB Vlf, < ii^AH' ' 



Programming the Flash 

The AT89C5 1 is normally shipped with the on-chip Flash mem- 
ory array in the erased state (that is, contents = FFH) and ready 
to be programmed. The programming interface accepts either a 
high-voltage (12-volt) or a low-voltage (Vcc) program enable 
signal. The low voltage programming mode provides a conven- 
ient way to program the AT89C51 inside the user's system, 
while the high-voltage programming mode is compatible with 
conventional third parly Flash or EPROM programmers. 
The AT89C51 is shipped with either the high-vohage or low- 
voltage programming mode enabled. The respective top-side 
marking and device signature codes are listed in the following 
table. 



Vpp = 12V Vpp = SV 


Top-Side Mark 


AT89C51 

xxxx 
www/ 


AT89C51 

xxxx-5 
yyww 


Sianati.ire 


(030H)=1EH 

f031H)=51H 


(030H)=1EH 

(031H)=51H 

(032H)=05H 



The AT89C51 code memory array is programmed byte-by-byte 
in either programming mode. To program any non-blank byte in 
the on-chip Flash Memory, the enUrt memory must be erased 

using the Chip Erase Mode. 

Programming Algorithm: Before programming the AT89CS 1 , 
the address, data and control signals should be set up according 
to the Flash programming mode table and Figures 3 and 4. To 
program the AT89C51, take the following steps. 

1. Input the desired memory location on the address lines. 

2. Input the iq){»€{itiaie data byte on the data Unes. 

3. Activate the correct combination of control signals. 



4. Raise EAA'pp to 12 V for the high-voltage programming 
mode. 

5. Pulse ALE/PROG once to program a byte in the Flash 
array or the lock bits. The byte-write cycle is self-timed and 
typically takes no more than 1.5 ms. Repeat steps 1 
through S, changii^ the address and data for tbp<9a>i|^a(iay 
or until the end of the object file is reached. 

Data Polling: The AT89C51 features Data Polling to indicate 
the end of a write cycle. During a write cycle, an attempted read 
of the last byte written will result in the complement of the writ- 
ten datum on P0.7. Once the write cycle has been completed, 
true d ata are valid on all outputs, and the next cycle may begin. 
Data Polling may begin any time after a write cycle has been 
initiated. 

Ready/Busy: The progress of byte programming can also be 
monitored by the RDY/BSY output signal. P3.4 is pulled low 
after ALE goes high during programming to indicate BUSY. 
P3.4 is pulled high again whrai prp^ramming is done to indicate 
READY. 

Program Verify: If lock bits LB 1 and LB2 have not been pro- 
grammed, the programmed code data can be read back via the 
address and data lines for verification. The lock bits cannot be 
verified directly Verification of the lock bits is achieved by ob- 
serving that their features are enabled. 

Chip Erase: The entire Flash array is erased electrically by 
using the pro per combination of control signals and by holding 
ALE/PROG low for 10 ms. The code array is written with all 
" I "s. The chip erase operation must be executed before the code 
memory can be re-programmed. 

Reading flie Signature Bytes: The signature bytes are read by 
Ike ssm^ procedure as a normal vra^eallon of loei^ens ^OH, 



031H, and 032H, except that P3.6 and P3.7 must be pulled to a 
logic low. The values returned are as U^gp^^^ i > . < ^ 
; (030H) = lEH indicates m8nufai:!8^i|^&^iM^ 
(031H) = 51HiBdi<ateg89C51 ■ • i ji, 

(032H) = FFHindi^tes 12y proeiaBuilil^ 
(032H)= QSHindicalesS Vprogiainmiag 



Every code byte in the Flash array can be written and the entire 
array can be erased by using the appropriate combination of con* 
ttol signals. The write operation cycle is self-timed and once in- 
itiated, will automatically time itself to completion. 

All major programming vendors offer worldwide support for the 
Atmel microcontroller series. Please contact your local pro- 
graQUning v^dor for the appropriate software revision. 



Flash Programming Modes 



Mode 



RST 



ALB 

PSEN PROG 



EA/ 
Vpp 



P2.6 



Write Code Data 



H/12V<^> 



H 



Read Code Data 



Wtt»tock 



Bit-1 



Bit -2 



Bit -3 



H — 



(2) 



H/12V 



H/12V 



€hlp€tiase 



H/12V H 



Read Signature Byte 



H 



H 



H 



Notes; 1 . The signature byte at location 032H designates whether Vpp 2. Chip Erase requires a 10 ms PROG pulse. 
= 12 V or Vpp= 5 V should be used to enable program- 
ming. 



}!£!!XVJ 



.:1S)iJ 



>^i. , \', 



AT89C51 Hi^gllip 



AT89C51 




4-24 MHz 



+5V 



AT69CS1 



AODR. 



AO- A7 



OOOOH/DFFFH 



A8-A1 



SEE FLASH 
PROQRAMMING 
MO^BS TABLE 



4-24 MHz 



1 



P1 

P2.0 - P2.3 
P2.6 
P2.7 
t\ P3.6 

P3.7 
XTAL2 



XTAL1 

GND 



Voc 
PO 



ALE 



EA 



RST 

psei 



PGM DATA 
•(USE10K 
PULLUPS) 




Flash Programming and Verification Characteristics 

Ta = 21 "C to 27°C, Vcc = 5.0 ± 1 0% 



Symbol 


Parameter 


Min 


Max 


mns 




Programming Enable Voltage 


11.5 


12.5 


V 


Ippd) 


Programming Enable Current 




1.0 


mA 


lAcLCL 


Oscillator Frequency 


4 


24 


MHz 


tAVGL 


Address Setup to PROG Low 


48tCLCL 






tGHAX 


Address Hold After PROG 


48tCLCL 






tDVGL 


Data Setup to PROG Low 


48tCLCL 






tGHDX 


Data Hold After PROG 


48tCLCL 






tEHSH 


P2.7 (ENABLE) Higfi to Vpp 


4attCLCL 






tSHGL 


Vpp Setup to PROG Low 


10 






tGHSL*''' 


Vpp Hold After PROG 


10 




US 


tGLGH 


PROG Widtti 


1 


110 


^ls 


UVQV 


Address to Data Valid 




48tCLCL 




tELQV 


ENABLE Low to Data Valid 




48tCLCL 




tEHQV 


Data Float After ENABLE 





48tCLCL 




tQHBL 


PROG High to BUSY Low 




1.0 


lis 


twc 


Byte Write Cycle Time . ^ 




2.0 


ms 



Note: 1 . (My used in 12-volt programming mode. 
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Flash Programming and Verification Waveforms - High Voltage Mjocto. 



P1.01-P1.7 
P2.6-'P2.3 



PORTO 



ALePFlO^ 

EA/Vpp 
P2.7 



(ENABLE 

P3.4 
(RDY/BSY) 



Wgl 



tSHGL 



PROGRAMMING 



DATA IN 



Vpp 



—A « 



xJ 



i_ 



VERIFICATION 



ADDRESS > - 



< DATA OUT > 



tGHAX 



\ LOGIC 1 



LOGIC 

tELQV- 



... It'W 



BUSY 



•we ■ 



READY 



Flash Programming and Verification Waveforms - Low Voltage 

PROGRAMMING VERIFICATION 



P1.0-P1.7 
P2.0 - P2.3 



PORT.O 
ALE/P^Q 

P2.7 



(ENABLE) 

P3.4 
(RDY/BSY) 



— n — 



DATA IN 



*DVGL tGHDX 



y 



toHBL- 



ADDI 



< DATA OUT > 



(qhax 



7!^ 



iMfea 

•elov- 



Wqv 



tEHQZ 



'^ ^ BUSY / READY 



twc 
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Absolute Maximum Ratings* 



bperatihg Tertiperature.;....'. 


-55°Cto+125°C 




,„-65°Cto+150°C 


Voltage on Any Pin 




with Respect to Ground 


-1.0Vte+7;eV 


Maximum Operating Voltage 


6.SV 







♦NOTICE: Stresses beyond those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions beyond those indicated in the operational 
sections of this specification is nc . implied. Exposure to absolute 
~ maxinuun ratii^ conditions for ext^ded periods may affect de- 
vice re^i^ility. 



D.C. Characteristics 

Ta = MQ°C to Vcc = 5.0 V± 20% (unless othenwise noteKi) 



Symbol 


Parameter 


Condition 


Min 


Max 


Units 


ViL 


Input Low Voltage 


(Except IS) - 


-0.5 


0.2 Vcc-0.1 


V 


ViLI 


Input Low Voltage (EA) 




-0.5 


0.2 Vcc-0.3 


V 


VlH 


rhput Higf) voltage 


(Except XTAL1, RST) 


0.2 Vcc+0.9 


VcC-hO.5 


V 


VlHI 


lOputHigh Voltage 


(XTALI.RST) 


- ^.7 Vex: 


Vcc+0.5 


V 


Vol 


Output Low Voltage*^' 
(Ports 1,2,3) 


IOL = 1.6 mA 


'-*r- ■' — ^~ ^77 — " — 


0.45 


V 


Vca.1 


Output Low Voltaoe^^^ 
(Porto. ALE, PSEN) 


loL = 3.2 mA 




0.45 


V 




Cutout Hiah Voltaae 
(Ports 1,2,3, ALE, PSEN) 


lOH = -60 nA, Vcc = 5 V + 10% 


2.4 




V 


Vow 


lOH = -25 nA 


0.75 Vcc 




V 




lOH = -10 uA 


0.9 Vcc 




V 




Output High Voltage 
(Port in Extendi Bus 
Mode). : 


lOH = -800 nA, Vcc = 5 V ± 10% 


2.4 




V 


VOHI 


loH = -300 (lA 


0.75 Vcc 




V 




lOH = -BO fiA 


0.9 Vcc - 




V 


IlL 


Logical Input Current 
(Ports 1,2,3) 


ViN = 0.45 V 




-50 


^A 


ITU 


Logical 1 to Transition 
Current (Ports 1,2,3) 


ViN = 2 V 




-650 




ILI 


Input Leakage Current 
(Port 0, EA) 


0.45 <ViN< Vcc 




±10 


ma 


RRST 


Reset Pulldown Riesistor 




50 


^ 300 


KQ 




Pin Capacitance 


Test Freq. = 1 MHz, Ta = 25-0 




10 


pF 




Power Supply etiirent 


Active Mode, 12 MHz 




.20 


mA 


Ice 


Idle Mode, 12 MHz 




5 


mA 


Power Down Mode*^' 


Vcc = 6V 




100 


HA 




Vcc = 3V 




40 


HA 



Notes: 1. Under steady state (non-transient) conditions, loLmust 
be externally limited as follows: 
Maximum loL per port pin:10 mA 
Maximum loL per 8-bit port: 
Port 0:26 mA 
Ports 1,2, 3:15 mA 
Maximum total lOL for all output pins:71 mA 



If lOL exceeds the lest condition, VOL may exceed the 
related specification. Pins are not guaranteed to sink 
current greater than the listed test conditions. 
2. Minimum VCC for Power Down is 2 V. 
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A.C. Characteristics 

(Under Operating Conditions; Load Capacitance for Poft Q, Al.^/i^^, and P3EN = 100 pF; 
other outputs = 80 pF) . 



External Program and Data Memory Characteristics 



Symbol Parameter 


12 MHz Oscillator 

Min Max 


16 to 24 MHz Oscillator 

Min Max 


Units 


1 /tCLCL 






n OA 


ivinz 


tLHLL 


Ai P Piilco WiHth 


1 07 
1 ^ / 


iiiCLCL-'H' 




tAVLL 


Addrsss Valid to ALE Low 


do 


♦PI PI 1Q 
lOLOL- 1 O 


"? 


tLLAX 


Mauress noia Miier mlc low 


48 


TOLOL-iiU 


ns 


tLLIV 


ALE Low to Valid Instruction In 




4IOLL/L-00 


ns 


tLLPL 


ALb LOW 10 robN LOW 


43 


tCLCL-13 


ns 


tPLPH 


DCCM Dirif-./-^ \A/l/-(+k 

roLlN rUISe Wluin 


205 


JtCLCL-^U 


ns 


tPLIV 


PbEN Low to valla Instruction In 


145 


3tcLCL-45 


ns 


tpxix 


Input Instruction nolo Alter robN 








ns 


tPXiZ 


ImaAm d^^^ AX4av DOdLI 

Input Instruction Float Alter rScN 


59 


tCLCL-10 


ns 


tPXAV 


rotN to Address Valid 


7# 


tCLCL-8 


ns 


tAVIV 


Address to Valid Instruction In 


312 


5tCLCL-55 


ns 


tPLAZ 


DOCK] 1 j-iiai tr\ Ai-J^mno dmif 

KotiN LOW 10 Aoaress rioat 


10 


10 


ns 


tRLRH 


nu ruise wiom 


400 


6tCLCL-100 


ns 


tWLWH 


vvn ruise wiutn 


4UU 


oiCLCL" 1 UU 


ns 


tRLDV 


DPI 1 1-11. 1 Pl'^tn 1 >-l 

nu LOW TO vaiiQ uata in 


252 


otCLCL-yU 


ns 


tRHDX 


r^oto UJ/^lH Aff^r 
uata nolo Aiier nu 







ns 


tRHDZ 


Hnta PInat Aftor RH 


97 


2tCLCL-28 


ns 


tLLDV 


ALE Low to Valid Data In 


517 


otOLOL-loU 


ns 


tAVDV 


Address to Valid Data In 


OOO 


QtPI PI if^tz 
9lV^LL/L- 1 oo 




tLLWL 


ALE Low to RD or WR Low 


200 300 


3tCLCL-50 3tCLCL+50 


ns 


tAVWL 


Address to RD or WR Low 


203 


4tCLCL-75 


ns 


tQVWX 


Data Valid to WR Transition 


23 


tCLCL-20 


ns 


tQVWH 


Data Valid to WR High 


433 


7tCLCL-120 


ns 


tWHQX 


Data Hold After WR 


33 


tCLCL-20 


ns 


tRLAZ 


RD Low to Address Float 








ns 


tWHLH 


RD or WR High to ALE High 


43 123 


tCLCL-20 tCLCL+25 


ns 



AT89C51 



AT89C51 
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External Program Memory Read Cycle 

— Ilhll 



POFITO 



TORT2 



ALE /"^ 



UvLL 



psEN __y 



-tpLAZ 



Wiv - 



'lliv 

'PLIV 



•pxiz 
Wix— < 



•PLPH 



-tpXAV- 



>— ( AO - A7 > ( INSTR IN ;>y^ — [ (' AO - A7 



.A8-A1S 



External Data Memory Read Cycle 



A ■■>■ 



ALE 



PSEN 



RD 



- tuHLL- 



RQSJO y (AO - A7 FROM Rl OR PPL ) Q ^ 



PORT 2 



- tAVLL- 



ttiDV ►! 

- tRLRH - 



taWL - 



-tuAX 1 

tpiLAZ 



V 



■ UWVL - 



tAVDV 



tpLDV 



-tvVHLH 



tpHDZ 

- Irhdx 



(DATA IN) ^ (AO - A7 FROM FgkXiNSTR IN 



P2.0 - P2.7 OR A8 - A15 FROM DPH X A8 • A15 FROM.PCH 



External Data Memory Cyde 



ALE 



PSEN 



WR 



-ttHLL- 



PORTO ~>- (AO - A7 FROM Rl OR PPL , \ 



PORT 2 



-tlLAX — 

tovwx " 



V 



• tAWVL 



-WwH- 



- tQVWH- 



»' — .1 



~ twHLH 



twHQX 



DATA OUT . 'O <A0 - A7 FROjjl PCtXlNgTR lW^ , , 



P2.0-P2.7ORAa-A15FROMDPH X AB - A15 FROM PCH 



External Clock Drive Waveforms 



Vcc - 0.5 V- 



0.45 V 




External Clock Drive ^ 








Symbol 


Parameter 




Max 


Units 


1/tCLCL 


Oscillator Frequency 





24 


MHz 


tCLCL 


Clock Period 


41.6 




ns j',;.^ 


tCHCX 


High Time 


15 




ns 


tCLCX 


Low Time 


15 




ns 


tCLCH 


Rise Time 




20 


ns 


tCHCL 


Fall Time 




20 


ns 



9m 



AT89C51 



AT89C51 



Serial Port Timing: Shift Register lUlode Test Conditions r, ' ■&< i .o 

(Vcc = 5.0 V ± 20%; Load Capsmm^ =80 pF) 



Symbol 


Parameter " 


12 MHz Osc 

MIn Max 


Variable Oscillator 
MIn Max 


Units 


tXLXL 


Serial Port Clock Cycle Time 


1.0 


12tCLCL 


[IS 


tQVXH 


Output Data Setup to Clock Rising Edge 


700 


IOtCLCL-133 


ns 


tXHQX 


Output Data Hold After Clock Rising Edge 


50 


2tCLCL-33 


ns 


tXHDX 


Input Data Hold After Clock Rising Edge 








ns 


tXHDV 


Clock Rising Edge to Input Data Valid 


700 


IOtCLCL-133 


ns 



Stiift Register IMode Timing Waveforms 



INSTRUCTION 
ALE 

CLOCK 



INPUT DATA 



0|1 l2|3|4|5|6|7|8| 

H H tvi yi 



OUTPUT DATA 
, CLEAR Rl , 

— 



x:^ixziixz4ixi53c^3c:i:7 



tv, 



SETT! t 

' SETRlt 



AC Testing Input^Output WavefOfmi^V Float Waveforms 



.0) 




0.45 V 




Timing Reference 
Points 



Vo,^.1V 



Note: 1 . AC Inputs during testing are driven at Vcc - 0.5 V for a 
logic 1 and OAS V for a logic 0. Timing measuiEinents 
are made at Vih min. for a logic 1 and Viu max. for a 
logic 0. 



Note: 1 . For timing purposes, a port pin is no longer Hoating wiien £ 
100 mV change from load voltage occurs. A port pin be- 
gins to float when a 100 mV change from the loaded 
VoHVoLlevd occurs. 



Ordering Information rioiHiWHjOjtfoT ?t j.. . i i ni, - . - 



Speed 
(MHz) 


Power 
Supply 


Ordering Code . 


Package 


Operation Range 


12 


5V±20% 


AT89C51-12AC 
AT89C51-12JC 
AT89C51-12PC ~ — 
AT89C51-12QC ^ ' 


44A 
44J 
40P6 
44Q 


Commercial ~ 
(0''Cto76°C) 






AT89C51-12AI 1 
AT89C51-12JI 
AT89C51-12PI 
AT89C51-12Q1 


44A 
44J 
40P6 
44Q 


Industrial 






A1%9GS1-12AA 

AT89C51 -iWrA 
AT89C51-12QA 


44A 

44J 

40P6 

44Q 


Automotive 

(-40°Cto 125°C) 




5V±10% 


AT89C51-12DM 
AT89C51-12LM 


40D6 
44L 


Military 
(-55 C to 1 25 C) 






AT89C51-12DM/B83 




Military/883C 
— Class B, Fully Compliant 
(-55°Cto 125°C) 


16 


5 V + 20% 


AT89C51-16AC 
AT89C51-16JC 
AT89C51-16PC 
AT89C51-16QC 


44A 
44J 
40P6 
44Q 


Commercial 

- 'm>tfimm • 






AT89C51-16AI 
AT89C51-16JI 
AT89C51-16PI 


44A 
44J 
40P6 


Industrial 






AT89®t^1iAA 
AT89C51-tliJA 
AT89C51-16PA 
AT89C51-16QA 


^ 

40P6 

44Q 


Automotive 
(s^O-CtoiaS-C) 


20 


5V±20% 


AT89C51-20AC O'-f 
AT89C51-20JC 
AT89C51-20PC 
AT89C51-20QC 


44A 
44J 
40P6 
44Q 


Commercial 
(0°C to 70°C) 






AT89C51 -20AI 
AT89C51-20JI 
AT89C51-20PI 
AT89C51-20QI 


44A 
44J 
40P6 
44Q 


Industrial 
(-40°C to 85°C) 


24 


5 V±20% 


AT89C51-24AC 
AT89C51-24JC 
AT89C51-24PC 

AT89C51-24QC 


44A 
44J 
44P6 

44Q 


Commercial 
(0°C to 70°C) 






AT89C51-24AI 
AT89C51-24JI 
AT89C51-24PI 
AT89C51-24QI 


44A 
44J 
44P6 
440 


Industrial 
(-40°C to 85°C) 




AT89C51 



Ordering information 



Package Type 


44A 


44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP) 


40D6 


40 Lead, 0.600' Wide, Non-Windowed, Ceramic Dual Inline Pacloge (Cerdip) 


44J 


44 Lead, Plastic J-Leaded Cliip Carrier (PLCC) 


44L 


44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


40P6 


40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDiP) 


44Q 


44 Lead, Plasiic Gun Wmg Quad Flertpack (PQFP) 



3 
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Features 

• Compatible with IMCS-51™ Products 

• 4 Kbytes of In-System Reprogrammable Flash Memory 

Endurance: 1,000 Write/Erase Cycles 
2.7 V to 6 V Operating Range 
Fully Static Operation: Hz to 12 MHz 
Three-Level Program Memory Lock 

1 28 X 8-Bit Internal RAM J " 

32 Programmable I/O Lines 
Two 16-Bit Timer/Counters 
Six Interrupt Sources i 
Programmable Serial Channel — ~* 



Low Power Idle and Power Down Modes 



Description 

The AT89LV51 is a low-voltage, high-performance CMOS 8-bit microcomputer with 4 Kby- 
tes of Flash Programmable and Erasable Read Only Memory (PEROM). The device is manu- 
factured using Atmel's high density nonvolatile memory technology and is compatible with 
the industry standard MCS-51™ instruction set and pinout. The on-chip Flash allows the pro- 
gram memory to be reprogrammed in-system or by a conventional nonvolatile memory pro- 
grammer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel 
AT89LV51 is a powerful microcomputer which provides a highly flexible and cost effective 
solution to many embedded control applications. 

The AT89LV51 provides the following standard features: 4 Kbytes of Flash, 128 bytes of 
RAM, 32 I/O lines, two 16-bit timer/counters, a five vector two-level interrupt architecture, a 
full duplex serial port, on-chip oscillator and clock circuitry. In addition, the AT89LV51 is 

(corainued) 



Pin Configurations 



PDIF 



PQFP/TQFP 



P1.0 

P1.1 

PI .2 
PI. 3 
P1.4 
PI .5 
PI .6 
PI. 7 C 
RST C 
(HXD) P3.0 L 
(TXD) P3.1 C 
(fNTO) P3.2 C 
(INT1) P3.3 C 
(TO) P3.4 C 
(T1) P3.5 C 
(Wfi) P3.6 C 
(RS) P3.7 C 
XTAL2 C 
XTAL1 
ONO 




3 VCC 

□ PO.O (ADO) 

□ P0.1 (AD1) 

□ P0.2 {AD2) 

□ P0.3 (ADS) 

□ P0.4 (AD4) 

□ P0.5 (ADS) 

□ P0.6 (AD6) 

□ PQ.7 (AD7) 
3 EA/VPP 

□ ALE/P ROG 

□ PSEN 

□ P2.7 (A15) 

□ P2.fl (A14) 

□ P2.5 (A13) 

□ P2.4 (A12) 

□ P2.3 (All) 

□ P2.2 (A10) 
P2.1 (A9) 

n P2.0 (A8) 



nnnnnnnnnnn _ 



P1.S c 
P1-6 C 
P1.7 
RST 
(RXD) P3.0 C 

NC I 
(TXD ) P3.1 C 
( INTO ) P3.2 C 
(INT1) P3.3 C 
(TO) P3.4 C 
(Tl) P3.5 C 



UUIIUU'UUUUUU 



□ P0.4 (AD4) 
P0.5 (ADS) 

□ P0.6 (AD6) 

□ P0.7 (AD7) 
1 EA/VPP 

1 NC 

J ALE/P ROG 
PSEN 

□ P2,7 (A15) 
P2-6 (A14) 
P2.5 (A13) 



\ 



Pl.S C 
PI. 6 C 
PI. 7 C 
RST 
(RXD) P3,0 

NC C 
(TXD ) P3. 
( INTO ) P3.2 C 
(1NT1) P3.3 C 
(TO) P3.4 C 
(Tt) PS.SC 



PLCC 



^ ^ ^ a o6 6 d d 



' 39 H 
38 3 



34 3 
33 □ 
32 □ 
31 3 
30 □ 
29 □ 



IP £U £0 e.o 

uuuuuuuuuuu 
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P0.4 (AD4) 
P0.5 {AD5) 
P0.6 (AD6) 
P0,7 (AD7) 
EA/VPP 

NC 

ALE/P ROG 

P2.7 (A15] 
P2.6 (A14) 
P2.5 (A13) 



8-Bit 

Microcontroller 
with 4 Kbytes 
Flash 




MA 



Block Diagram 



n 



rv.u - rxj.f r£.\j • re..i 



RAM ADDR. 
REGISTER 



RAM 



B 

REGISTER 



.V-L.J^ja 



PORT 
LATCH 



PORT 2 
LATCH 



FLASH ♦ 



STACK 
POINTER 



. I:-, t 



TIMING 
AND 
CONTnOL 



INSTRUCTION 



jwi }ui39u mil « .njun. 



INTERRUPT, SERIAL PORT, 
AND TIMER BLOCKS 



PORT 1 
LATCH 



PORT 1 DRIVERS 



PROGRAM 

ADDRESS 
REGISTER 



PC 

INCREMENTER 



< ► 



PROGRAM 
COUNTER 



< ► 



PORT 3 
LATCH 



PORT 3 DRIVERS 



-TOM- mm 
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Description (Continued) 

designed with static logic for operation down to zero frequency 
and supports two software selectable power saving modes. The 
Idle Mode stops the CPU while allowing the RAM, timer/count- 
ers, serial port and interrupt system to continue functioning. The 
Power Down Mode saves the RAM contents but freezes the os- 
cillator disabling all other chip functions until the next hardware 
leseL 

Pin Description 

Vcc 

Supply voltage. 
GND 
Ground. 
Porto 

Port is an 8-bit open drain bidirectional I/O port. As an output 
port each pin can sink eight I'LL inputs. When 1 s are written to 
port pins, th^ pins can be used as ^gb-impedance inputs. 
Port may also be configured to be the multiplexed low-order 
addiess/data bus during access^ to external program and data 
memory. In this mode PO has internal pullups. 
Port also receives the code bytes during Flash programming, 
and outputs the code bytes during program verification. External 
pullups are le^iirsdjduiingip^iMiiiveQfiGatiiSBi- 1. u^- . 
Port 1 

Port 1 is an 8-bit bidirectional I/O port with internal pullups. The 
Port 1 output buffers can sink/source four TTL inputs. When Is 
are written to Port 1 pins they are pulled high by the internal 
pullups and can be used as inputs. As inputs. Port 1 pins that are 
externally being pulled low will source cinrent (Til) because of 
the internal pullups. 

Port 1 also receives the low-order address bytes dining Hadi 
programming and program verification. 
Port 2 

Port 2 is an 8-bit bidirectional I/O port with internal pullups. The 
Port 2 output buffers can sink/source four TTL inputs. When Is 
are written to PQrt.2,pins they are pulled high by the internal 
pullups and can be used as inputs. As inputs. Port 2 pins that are 
externally being pulled low will source current (Iil) because of 
the internal pullups. 

Port 2 emits the high-order address byte during fetches from ex- 
ternal program memory and during accesses to external data 
memory that use 16-bit addresses (MOVX @ DPTR). In this 
application it uses strong internal pullups when emitting Is. 
During accesses to external data memory that use 8-bit ad- 
dresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe- 
cial Function Register. 

Port 2 also receives the high-order address bits and some control 
signals dudl^fWliv^gMaimmg ^>eiifi.catton. "-'-'l^ 
Porta 

Port 3 is an 8-bit bidirectional I/O port with internal pullups. The 
Port 3 ou^t buitos can sink/source four T^^^^^hen Is 



are written to Port 3 pins they are pulled high by the internal 
pullups and can be used as inputs. As inputs, Port 3 pins that are 
externally being pulled low will source current (Iil) because of 
the pullups. 

Port 3 also serves the functions of various special features of the 

AT89LV.'il as listed hclow: 



Port Pin 


Alternate Functions 


P3.0 


RXD (serial Input port) 


P3.1 


TXD (serial output port) 


P3.2 


INTO (extenal interrupt 0) 


P3.3 


INT1 (extenal interrupt 1) 


P3.4 


TO (timer extenal input) 


P3.5 


T1 (timer 1 external Input) 


P3.6 


WR (extenal data memory write strobe) 


P3.7 


RD (external data memory read strobe) 



Port 3 also receives some control signals for Flash programing 
and programming verification. 

RST 

Reset input. A high on this pin for two machine cycles while the 

oscillator is running resets the device. 

ALE/PROG 

Address Latch Enable output pulse for latching the low byte of 
the address during accesses to external memor\ . This pin is also 
the program pulse input (PROG) during Flash programming. 
In normal operation ALE is emitted at a constant rate of 1/6 the 
oscillator frequency, and may be used W^r external timing or 
clocking purposes. Note, however, thai one ALE pulse' is 
skipped during each access to external Data Memory. 

Program Store Enable is thetead strobe to extern^' program 
memory. 

When the AT89LV5 1 is executing code from external program 
memory , PSEN is activated tvvice each machine cycle, except 
that two PSEN activatiphiS ad Skipped during each access to ex- 
ternal data memory. ' ■ ■■ ' 
EAA/pp 

External Access Enable. EA must be strapped to GND in order 
to enable the device to fetch code from external program mem- 
ory locations starting at OOOOH up to FFFFH. Note, however, 
that if lock bit 1 is programme4 EA will be internally latched on 
reset. 

EA should be sfrapped to Vcc for internal program executions. 
This pin also receives the 12-volt progranuning enable voltage 
(Vpp) during Flash programming, when 12-volt programming is 
selected. 
XTAL1 

Input to the inverting oscillator ain^ifittsmid input to (he infer- 
nal clock operating circuit. 
XTAL2 

Output from the inverting oscillator asa^ifm- 




Oscillator Characteristics 

^4^1 and XXAy^W 'j^:inpv^ ?n4..QU^t, iss^tively , ,pf an 
inverting amplifier whidi can be configured for use as an on^ 
cl^ip oscillator, as shown in Rgure 1. Either a quartz crystal or 
ceramic resonator may be used. To (irive the device from an exr 
temal clock source, XTAL2 should be left unconnected whilg 
XTALl is driven as shown in Figure 2. There are no require-, 
ments on the duty cycle of the external clock signal, since tb& 
input to the internal clocking circuitry is through a divide-by-' 
two flip-flop, but minimum and maximum voltage high and low; 
time specifications must be observed. 

Idle Mode 

In idle mode, the CPU puts itself to sleep while all the on-chip 
peripherals remain active. The mode is invoked by software. 
The content of the on-chip RAM and all the special functions 
registers remain unchanged during this mode. The idle mode can 
be terminated by any enabled interrupt or by a hardware reset. 
It should be noted that when idle is terminated by a hardware 
reset, the device normally resumes program execution, from 
where it left off, up to two machine cycles before the internal 
reset algorithm takes control. On-chip hardware inhibits access 
to internal RAM in this event, but access to the port pins is not 
inhibited. To eliminate the possibility of an unexpected write to 
a port pin when Idle is terminated by i^^tfag,^^!fQ^^gi/c^ 
lowing the one that invokes Idle shoul^i| ' 
^ port pin or to external memory . 

Power Down Mode 

In the power down mode the oscillator is stopped, and the in- 
struction that invokes power down is the last instruction exe» 
cuted. The on-chip RAM and Special Function Registers retain 
their values until the power down mode is terminated. The only 
exit from power down is a hardware reset. Reset redefmes the 
SFRs but does not change the on-chip RAM. The reset should 
npt be activated before Vcc is restored to its. normal operating 
level and must be held active long enoi^ to jp^^pscillator 
to restart and stabilize. 

. ' A li ■.••:,,>■ 



F^jare 1., QsciUator Connectiong , . .. . .. j,, j 

■.'•1 ..ii .. itJ'ti 

-■ i(. vt' ji( :>- 



\. . 'I a' '^U>^ 4 .1 




Notes:Cl,C2 = 30pF± 10 pF for Crystals 

= 40 pF ± 10 pF for Ceramic Resonators 



F1|^Z fiMMdi^bek Drive Coofigatatiaa jpa i«. <,;fin(:; 
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EXTERNAL 



r 



XTALl 



GND 
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Status of External Pins During Idle and Power Down 



Mode 


Program Memory 


ALE 


PSEN 


PORTO 


P0RT1 


P0RT2 


PORT3 


Idle 


Internal 


1 


1 


Data 


Data 


Data 


Data 


Idle 


External 


1 


1 


Float 


Data 


Address 


Data 


Power Dow^n 


Internal 








Data 


Data 


Data 


Data 


Power Down 


External ^ 








Float 


. Data^ 


Data 
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Program Memory Lock Bits 

On the chip are three lock bits which can be left unprogrammed 
(U) or can be programmed (P) to obtain the additional features 
listed in the table below: 

When lock bit 1 is programmed, the logic level at the EA pin is 
sampled and latched during reset. If the device is powered up 

Lock Bit Protection Modes^^' 



without a reset, the latch initializes to a random value, and holds 
that value until reset is activated. It is necessary that the latched 
value of EA be in agreement with the current logic level at that 
pininardra-fardiei^emce-toAwc^fRafNdjfi...,,, : 



Program Lock Bits 

LB1 LB2 LB3 Protection Type 


1 u u u 


No program lock features. 


2 P U U 


MOVC instructions executed from external program memory are disabled from 
fetching code bytes from internal memory, EA is sampled and latcfied on reset, and 
further programming of the Flash is disabled. 


3 P P U 


Same as mode 2, also verify is disabled. _ . , _j ■ 


4 P P P 


Same as mode 3, also external execution is disabled. 



Note: 1. Hie lock bits can oidy be erased with the drip erase c 

Programming the Flash 

The AT89LV51 is normally shipped with the on-chip Flash 
memory array in the erased state (i.e. contents=FFH) and ready 
to be programmed. The programming interface accepts either a 
high-voltage (12-volt) or a low-voltage (5-volt) program enable 
signal. The low voltage progrannning mode provides a conven- 
ient way to program the AT89LV51 inside the user's system 
while the high-voltage programming mode is compatible with 
conventional third party Flash or EPROM programmers. 
The ^T89LV51 is shipped With either the High-Voltage or 
Lew-V-alt^ prograimning mode enabled. The respective top- 
side raaridng and device signature codes are listed below: 



Vpp = 12V Vpp = SV 


Top-Side Mark 


AT89LV51 

xxxx 

yyww 


AT89LV51 

xxxx-5 

yyww 


Signature 


(030H)=1EH 
(031H)=61H 
(032H)=FFH 


(030H)=1EH 
(031H)=61H 
(032H)=0SH 



The AT89LV51 code memory array is programmed byte-by- 
byte in either programming mode. To program any non-blank 
byte in the on-chip PEROM Code Memory, the entire memory 
must be erased using the Chip Erase Mode. 
Prognunining Algorithm: Before programming the 
AT89LV5 1 , the address, data and control signals should be set 
up according to the Flash programming mode table and Figures 
3 and 4. To program the AT89LV5 1 , the following sequence 
should be followed: 

1 . Input the desired memory location on the address lines. 

2. Input the appropriate data byte on the data lines. 

3. Activ ate t he correct combination of conUrol signals. 

4. Raise EAA^pp to 12-V if in the high-voltage programming 
mode. 

5. Pulse AI.E^06 Once (o pR^nm a byte in the Fllish 



array or the lock bits. The byte-write cycle is self-timed and 
typically takes no more than 1 .5 ms. Repeat stq>s 1 through 
S changing the address and data for the entire array or until 
the end of the otqect fi^ isj«ached. 
Data Poiling: The AT89LVS 1 features Data Polling to indicate 
the end of a write cycle. During a write cycle, an attempted read 
of the last byte written will result in the complement of the writ- 
ten data on P0.7. Once the write cycle has been completed , true 
data is yalid on aH oiopots, and die next c^le n^y b^gin. Data 
Polling'may b^n aiiy time after a write cyMe'has^b^^nt^^, 

Ready/Busy: The pro gress of byte programming can also be 
monitored by die RDY/BSY output signal. P3.4, is pulled low 
after ALE goes high during programming to indicate BUSY. 
P3.4 is puUed high i^ain when programming is done lo indicate 
READY. 

Program Verify: If lock bits LB 1 and LB2 have not been pro- 
grammed, the programmed code data can be read back via the 
address and data lines for verification. The lock bits cannot be 
verified directly. Verification of the lock bits is achieved by ob- 
serving that their features are enabled. 

Chip Erase: The entire Flash array and the lock bits are erased 
electrically by using the proper combination of control signals 
and by holding ALE/PROG low for 10 ms. The code array is 
written with all "l"s. The chip erase operation must be executed 
before the code memory can be re-programmed. 
Reading the Signature Bytes: The signature bytes are read by 
the same procedure as a normal verification of locations 030H 
and 03 IH, except that P3 .6 andP3.7 need to be ptiUed to a logic 
low. The values returned are; 

(030H) = lEH indicates manufactured by Atmd 

(031H) = 61H indicates 89LV51 

(032H) = FFH (High- Voltage) or 05H (Low- Voltage) 
programming mode 
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Programming Interface 

Every code byte in tlie Flasli array can be written and the entire All major programming vendors offer worldwide support for 

array can be erased by using the appropriate combination of con- the Atmel microoontroller series. Please contact your local pro- 

trol signals. The write operation cycle is self-timed and once in- gramining vendor for tfie appropriate sc^t«ltareiisyision. 
itiated, will automatically time itself to «^pMioft ' T 



Flash Programming Modes 











A 1 C/ 
ALt/ 


EA/ 










Mode 




RST 


PSEN 


PROG 


Vpp 


P2.6 


P2.7 


P3.6 


P3.7 


Write Code Data 


H 


L 




H/12V'^' 


L 


H 


H 


H 


Read Code Data 


H 


L 


H 


H 


L 


L 


H 


H 


Write Lock 


Bit-1 


H 


L 






H 


H 


H 


H 






:H 


.c, . ■ . L 


(2) 




H 


H 


,L 


L 












































Bit -3 


H 


L 




H/12V 


H 


L 


H 


L 


Chip Erase 


H 


L 




H/12V 


H 


L 


L 


L 


Read Signature Byte 


H 


L 


H 


H 


L 


L 


L 


L 



Notes: 1 . The signature byte at location 032H designates whether Vpp 2. Chip Erase reqijires a 10 ms PROG pulse. 
= 12 V or Vpp = 5 V should be used to enable ' , , 

programming. 
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iW^^HH AT89LV51 



AT89LVS1 



+5V 



ADDR. 



AO- A7 



OOOOH/OFFFH 



A8-A11 



SEE FLASH - 
PROGRAMMING 
MODES TABLE " 



4-20 MHz 



PI Vcc 
P2.0 - P2.3 PO 
>| P2.6 
♦I P2.7 
P3.6 



-H P3.7 
XTAL2 



KTALI 
SND 



ALE 



EA 



RST 
fSEN 



PGM 
DATA 



PROG 



Ir 



,ElgaR4. V£atifti|ig^thei Fladi _ _ 



AT89LV51 



ADDR. 



AO - A7 , 



OOOOH/OFFFH 



as-aTi*' 

^ P2.6 



SEE FUSH 
PROGRAMMING 
MODES TABLE 



4-20 MHz 



T 



1 



PI 

P2.0 - P2.3 



-> P2.7 
->! P3.6 
P3.7 
XTAL2 



Voc 
PO 



ALE 



EA 



+5V 



PGM DATA 
■ (USE 10K 
PULLUPS) 



(»V,„ 



-A— XTAtA RST 
1 GND PSEN 



Flash Programming and Verification Ciiaracteristics 

ta = 21 °c to ay-c, Vcc = 5.0 ± 1 0% 



Symbol 


Parameter 


Min 


Max 






Programming Enable Voltage 


11.5 


12.5 


V 


Ippd) 


Programming Enable Current 




25 


ma 


1/tCLCL 


Oscillator Frequency 


4 


,- .- - -1^^- 


MHz 


tAVGL 


Address Setup to PROG Low 


48tCLCL ' 






tGHAX 


Address Hold After PROG 


48tCLCL 






tDVGL 


Data Setup to PROG Low 


48tCLCL 






tGHDX 


Data Hold After PROG 


48tCLCL 






tEHSH 


P2.7 (ENABLE) High to Vpp 


48tCLCL 






tSHGL 


Vpp Setup to PROG Low 


10 




^s 


tGHSl'^' 


Vpp Hold After PROG 


10 




MS 


tGLGH 


PROG Width 


1 


110 


US 


UVQV 


Address to Data Valid 




48tCLCL 




tELQV 


ENABLE Low to Data Valid 




48tCLCL 




tEHQV 


Data Float After ENABLE 





48tCLCL 




tGHBL 


PROG High to BUSY Low 




1.0 


JIS 


twc 


Byte Write Cycle Time 




2.0 


ms 



Note: 1 . Only laed ia fnt^ramiti^ mode. 




(■POD 



Flash Programming and 



forms - 1 



P1.0- P1.7 
P2.0 - P2.3 



PORTO 



AL|/PROG 

P2.7 



(ENABLE) 

, P3.4 
(toY/BSY) 



Wgl 



tsHGL 



PROGRAMMING 



-4P 



RESS 



DATA IN 



bvGL toHDX 

A 



VERIFICATION 



ADDRESS > - 



\ DATA OUT ! >-^ 



tcHSL 
\ LOGIC 1 



UVQV 



tEHQZ 



BUSY READY" 



Flash Programming and Verification Waveforms - Low Voltage Mode 



PORTO 



ALE/PROG 

WMpp 

P2.7 



(ENABLE) 

P3.4 
{RDY/BSY) 



tAVGL 



PROGRAMMING 



DATA IN 



'dVQL tQHDX 



"tGLGH- 



♦ehsh 



•ghbl " 



VERIFICATION 



ADDRESgr:^^ 



LOGIC 1 



___i-OG!C0 
tELQV - 



Wov 



DATA OUT 



*EHQZ 



BUSY 



READY 



.iboRi snittimuginc; ! i . > u 
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Absolute Maximum Ratings* 

Ope'iltiiftjgTem'^ure.;;!;.!; ^"Cfe+Ta^C' 

Storage Temperature ^>W%W*W0^ 

Voltage on Any Pin 

with Respect to Ground ..-^.0:)t >^0 '^7iO V 

IVIaximum Opmmi^ffiWillt^L^d....J\^^^ 
DCputpoteurreiit.— ...-....-.7.-.,. 



- r^NOnCE: Stresses beyond tjic^ U^ted under "Absolute Maximum 
Ratings" may cause permanent damage to the device. Ttiis is a 
stress rating only and functional opraation of the device at these 
or any other conditions beyond those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating co^tion^-^i^BKt^pded periods may affect de- 

, ^ yicerdiabifl^,, ^„ _ . .. 



D.C. Characteristics 

Ta = -40°C to 85°C, Vcc = 2.7 V to 6.0 V (unless othenwise noted) 



Symbol 


Parameter 


Condition 


Min 


Max 


Units 


ViL 


Input Low Voltage 


(ExceptK) 


-4.5 


0.2 VcC-0.1 


V 


V|L1 


Input Low Voltage (EA) 




-0.5 


0.2 Vcc-0.3 


V 


VlH 


Input High Voltage 


(Except XTAL1, RST) 


0.2 Vcc+0.9 


Vcc+0.5 


V 


VlH1 


Input High Voltage 


(XTALI.RST) 


0.7 Vcc 


VcC+0.5 


V 


VOt 


Output Low Voltage^^' 
(Ports 1,2,3) 


Im — 1 f% mA 
lOL — * •D liV\ 




n 


V 


VOLI 


Output Low Voltage' ' 
(Port 0, ALE, PSEN) 


lOL = 3.2 mA 




0.45 


V 




: Cutout Hiah Voltaoe 
(Ports 1,2,3, ALE, PSEN) 


lOH = -60 iiA, Vcc = 5 V* 10% 


2.4 




V 


VOH 


lOH = -20 jiA 


0.75 Vcc 




V 




IOH = -10nA 


0.9 Vcc 




V 




Output High Voltage 
(Port in External Bus 
Mode) 


lOH = -800 nA, Vcc = 5 V ± 10% 


2.4 




V 


V0H1 


lOH = -300 |iA 


0.75 Vcc 




V 




lOH = -80 nA 


0,9 Vcc 




V 


ilL 


Logical Input Current 
(Ports 1 ,2,3) 


ViN = 0.45 V 




-50 


HA 


ITL 


Logical 1 to Transition 
Current (Ports 1,2,3) 


ViN = 2 V 




-650 


HA 


Ili 


Input Leakage Current 

(Port 0, EA) 


0.45 <V|N< Vcc 




±10 


HA 


RRST 


Reset Pulldown Resistor 




50 


300 


Kfl 


Cie 


Pin Capacitance 


Test Freq. = 1 MHz, Ta = 25°C 




10 


PF 




PowierSupply Cunwit- 


Active Mode, 12 MHz, Vcc = 6 V/3 V 




. ^20/5.5 


mA 


Icc 


Idle Mode, 12 MHz, Vcc = 6 V/3 V 




5/1 


mA 


Power Down Mode'^' 


Vcc = 6V 




100 


i»A 




Vcc = 3V 




20 


ha 



Notes: I. Under Meady state (non-transient) conditions, loLmust 
be externally limited as follows: 
Maximum loLper port pin: 10 mA 
Maximum loLper 8-bit port: 
Port 0:26 mA 
Ports 1,2, 3:lSmA 

Maximum total lOL for all output pins:71 mA 



If lOL exceeds the test condition, VOL may exceed the 
related specification. Pins are not guaranteed to sink 
current greater than the listed test conditions. 
2. Minimum VCC for Power Down is 2 V. 



A.C. Characteristics , _ ^ ' . 

Under operating conditions, loiid capacitance for Port ^i' ALE^^PeOf^g^j^^^ tOS <^fS0^i^Jfo( f^^ 
other outputs = 80 pF. ' , 

I Vie. : -': 

External Program awd Data IWemory Ciiaracteristics 



Symbol Parameter 


12 MHzOseillaior 

MIn Max 


VariablttOmHIIator 

Min Max 


Units 


1/lCLCL 


Oscillator Frequency 




12 


MHz 


tLHLL 


ALE Pulse Width 


127 " ~ 


2tCLCL-40 


ns 


tAVLL 


Address Valid to ALE Low 


28 


tCLCL-25 


ns 


tLLAX 


Address IHold After ALE Low 


48 


tCLCL-25 


ns 


tLLIV 


ALE Low to Valid Instruction In 


233 


■ 4tcca:-65 


ns 


tLLPL 


ALE Low to PSEN Low 


43 


tCLCL-25 


ns 


tPLPH 


PSEN Pulse Width 


ft 

m - 


3tCLCL-4S 


ns 


tPLIV 


PSEN Low to Valid Instruction In 


145 


3tCLCL-60 


ns 


tPXIX 


Input Instmction Hold After PSEN 








ns 


tpxiz 


Input Instruction Float After PSEN 


59 


tCLCL-25 


ns 


tPXAV 


PSEN to Address Valid 


75 


tCLCL-8 


ns 


tAViV 


Address to Valid Instruction In 


312 


5tCLCL-80 


ns 


tPLAZ 


PSEN Low to Address Float 


10 


10 


ns 


tRLRH 


RD Pulse Width 


400 


6tCLCL-100 


ns 


tWLWH 


WR Pulse Width 


400 


6tCLCL-100 


ns 


tRLDV 


RO Low to Valid Data Ih 


252 


5tCLCL-90 


ns 


tRHDX 


Data Hold After RD 







ns 


tRHDZ 


Data Float After RD 


97 


2tcLCL-28 


ns 


tLLDV 


ALE Low to Valid Data In 


517 


8tCLCL-150 


ns 


tAVDV 


Address to Valid Data In 


585 


9tCLCL-1 65 


ns 


tLLWL 


ALE Low to RD or WR Low — 


200 300 


3tCLCL-50 3tCLCL+50 


ns 


tAVWL 


Address to RD or WR Low 


m 


4tcLCL-75 


ns 


tQVWX 


Data Valid to WR Transitiofl 


M' 


tCLCL-30 


ns 


tQVWH 


Data Valid to WR High 


433 


7tCLCL-120 


ns 


tWHQX 


Data Hold After WR 


33 


tCLCL-25 


ns 


tRLAZ 


RD Low to Address Float 








ns 


tWHLH 


RD or WR High to ALE High 


43 123 


tCLCL-25 tCLOL+25 


ns 



AT89LV51 



-v- .'^y*. 



External Program Memory Read Cycle 



PORTO 



PORT 2 



ALE /'^ 



PSIN Z ' 



'lliv 

'puv y 



PXIZ 



-'PXAV-* 



^ ( A0-A7 ) (INSTRIN ;>T^ — ( A0-A7 



"X. 



External Data Memory R^d Cycle 



ALE 



PSEN 



RD 



-tLHa — * 



PORTO >- Cap - a? from ri or dpl ) ^ 



- Wa- 



tuDV 

' — tpuRH - 



tawL - 



-tuLAX 1 

tRLAZ 



tAVWL ■ 



tAVDV 



tRLDV 



y 



-•WHLH 



X / 



tpHDZ 
tRHDX 



(DATA IN) ^ (AO - A7 FROM PCar> ^ #iSTR IN 



PORT 2 )( P2.0- P2.7 0R A8-A15 FROM DPH X A6 - A15 FROM PCH 



External Data Memory Of&» 



ALE 



PSEN 



WR 




PORT 2 



PORTO ~>-[ (A0 ^ FROM 

tAVWL 



;A0 - A7 FROM PCL> -< 3NgrR IN 



P2Si-!^mM-*mmBMBmJ~^ AS-AISFROMPCH" 

External Clock Drive WaveRwins 



Vfec-Q.5V- 



0.45 V 




" tcHC 



0.2Vee-0.1 V . i^^-' 



•cLC 



tcHCX 




i 




External Clock Drive 

TA = -40°Cto85°C 









Min 






Max 






Symbol 


Parameter 


Vcc = 
Z7V 


Vcc = 
3.0 V 


Vcc = 
3.3 V 


Vcc = 
2.7 V 


Vcc = 
3.0 V 


Vcc = 
3.3 V 


Units 


1/tCLCL 


Oscillator Frequency 











12 


16 


20 


MHz 


tCLCL 


Clock Period 


83.3 


62.5 


50 




ns 


tCHCX 


High Time 


20 


15 


10 




ns 


tCLCX 


Low Time 


20 


15 


10 




ns 


tCLCH 


Rise Time 




20 


15 


10 


ns 




Fall Time 




m 


15 


10 


ns 
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Serial Port Timing: Shift Registe^fUj^j^^^^t^nditions 



Symbol 


C ■■^ fB '.l .' 

Parameter 


12 MHz Osc 
Min Max 


Variable Oscillator 
Min Max 


Unite 


tXLXL 


Serial Port Clock Cycle Time 


1.0 


12tCLCL 


^s 


tQVXH 


Output Data Setup to Clock Rising Edge 


700 


10tCLCL-133 


ns 


tXHQX 


Output Data Hotd After Clock Rising Edge 


50 


2tCLCL-117 


ns 


tXHDX 


Input Data Hold After Clock Rising Edge 








ns 


tXHDV 


Clock Rising E^ge to Input Data Valid 


700 


IOtCLCL-133 


ns 



Shift Register IVlode Timing Waveforms 



INSTRUCTION 
ALE 




OUTPUT DATA 

, CLEAR Rl , 

_p 

INPUT DATA 



■ r^v>^^€Tiy sETRit 



AC T^ng InptHPOiitEtut Waveforms ' FIcmt Waveforms 



Vcc-0.5V- 



0.45 V- 




0.2 ypc+ 0.9 V 



Tf ST POINTS 
0.2Yje*0.1 V 




"nming Reference 
Points 



Note: 1 . AC Inputs during testing are driven at 2.4 V for a 

logic " 1 " and 0.4S V for a logic "0". Hining measuie- 
ments are made at 2J) V fora lo^ 0.8 V for a 

10BC"0." ' -^M^ 



Note: 1. For timing purposes, a port pin is no longer floating when a 
100 mV chang^Jrom load voltage occurs. A poit pin be- 
gins to float when a 'lOOngiJ^d^i^ from the loaded 

— VqiVVol level occurs. '' 



0-^ 



9#1 



icc(mA) TYPICAL ICC (ACTIVE) at25°C 

24 



20. 
16. 
12. 

8. 

4. 

0. 





































VCC = S.0 V 
























VCC = 3.0 V 















4 ^ i 12 16 20 



24 



4.0 
3.2 
2.4 
1.6 
0.8 
0.0 
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icc(mA) TYPICAL ICC (IDLE) at25''C 

4.8 




llltWl III 



VCC St s.0 V 



VCC c 5.0 V 



12 16 20 24 
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iyPiPALICCyS.y^ 

20 T ^ —4 — ^ 1 




-I \ \ 1 

3.0V 4.0V 5.0V 6.0V 

Vec VOLTAGE 



I 



Ordering Information 



Speed 
(MHz) 


Power 
Supplycw, 


Ordering Code 


Package 


Operation Range 


12 


2.7 V to 6 V 


AT89LV51-12AC 
AT89LV51-12JC 
AT89LV51-12PC 
AT89LV51-12QC 


_ 44A 

44J 

40P6 

44Q 





• 



Ordering Information 



Package Type 


44A 


44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP) 


44J 


44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


40P6 


40 Lead, 0.600" Wide, Plastic Dual Inline Package (PDIP) 


44Q 


44 Lead, Plastic GuU Wing Quad nt^aiMft |PQPP) 



3-64 
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Features 

• Compatible wKhMCS-SI™ Products 

• 8 Kbytes of In-System l^rogrammable Flash Memory 

Endurance: 1,000 Write/Erase Cycles 

• Fully Static Operation: Hz t9 24 MHz 
Three- Level Program Memory LmIc 
256 X 8-Bit Internal RAM 
32 Programmable I/O Lines 
Three 16-Bit Timer/Counters 
Eight Interrupt Sources t 
Programmable Serial Cbinnel 
Low Power Idle aiidPoiMM' Down ModsBi. — ' — ^ 



Description t ' 

The AT89C52 is a low-powra, high-performance CMOS 8-bit microcompntBr with 8 Kbytes 
of Flash programmable and erasable read only memory (PEROM). TTie device is manufac- 
tured using Atmel's high density nonvolatile memory technology and is compatible with the 
industry standard 80C51 and 80C52 instruction set and pinout. The on-chip Flash allows the 
program memory to be reprogrammed in-system or by a conventional nonvolatile memory 
programmer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel 
AT89CS2 is a powerful microcomputer which provides a highly flexible and ogst effBcttKe 
Solution to many embedded control applications. 

The AT89C52 provides the following standard features: 8 Kbytes of Flash, 256 bytes of 
RAM, 32 I/O lines, three 16-bit timer/counters, a six-vector two-level interrupt architecture, a 
full duplex serial port, on-chip oscillator, and clodc circuitry. In additiop, the AT89C52 is 

, -1 ' : , (continued) 



PDIP/Cerdip 



Pin Configurations 



> In 



PQFP/TQFP 



ft2) P1.0 C 




40 




vcc 


(T2 EX) P1.1 C 


2 


39 


□ 


PO.O (ADO) 


PI. 2 C 


3 


38 


□ 


P0.1 (AD1) 


PI .3 C 


4 


37 


□ 


P0.2 (AD2) 


PI. 4 C 


5 


36 


□ 


P0.3 (AD3) 


PI. 5 C 


6 


35 


□ 


P0.4 (AD4) 


PI. 6 C 


7 


34 


□ 


P0.5 (ADS) 


P1.7 C 


8 


33 




P0.6 (AD6) 


RST C 


9 


32 




P0.7 {A07) 


(RXD) P3.0 f: 


10 


31 


□ 


EA/VPP 


(TXD) P3.1 C 


11 


30 




ALE/PROG 


(INTO) P3.2 C 


12 


29 




PSEN 


([RTl) P3.3 c 


13 


26 




P2.7 (A15) 


(TO) P3.4 C 


14 


27 


□ 


P2.6 (A14) 


(Ti) P3.5 C 


15 


26 


□ 


P2.5 {A13) 


(WR) P3.6 C 


16 


25 




P2.4 (A 12} 


(RD) PS.7 c 


17 


24 




P2.3 (All) 


XTAU C 


IB 


23 


□ 


P2.2 (A10) 


XTAL1 C 


19 


22 


□ 


P2.1 (A9) 


GND C 


20 


21 




P2.0 (AS) 



fi.a.a.Q.a.z>iLO.(LO. 

n n n n n n n n n n n 



P1.5 q 1 

PI. 6 
PI .7 C 
RST 
(RXD) P3.0 C 
NC C 
(TXD ) P3.1 C 
( INTO ) P3.2 C 
(INT1) P3,3 C 
(TO) P3.4 C 
(TI) P3.5 C 



11 



uuuuuuuuuuu 

0. Q. P P 

lEio « « o ^ « 



n P0.4 {AD4) 

□ P0.5 (AD5) 
P0.6 (A06} 
P0.7 (AD7) 

n EA/VPP 

H ALE/P ROG 
PSEN 

□ P2.7 (A15) 
P2.6 (A14) 
P2.5 (A13) 



. 0.0.0.0.2 >Q.a.o.a. 



P1.5 I 
PI. 6 I 
PI. 7 I 
RST ( 
(RXD) P3.0 ( 
NC [ 
(TXD ) P3.1 ( 
(I NTO ) P3.2 ( 
(INTl) P3.3 ( 
(TO) P3.4 I 
(Tl) P3.5( 



[1 <!? 41 39 



34 □ 
33 □ 



JUUUUUUUUUU 

■^^ a o o -r <^ n 

1 Sf 3t Za! m n oi m 



) P0.4 (AD4) 
) P0,5 (ADS) 
1 P0,6 (AD6) 
1 P0.7 {AD7) 
I EA/VPP 

NC 

ALE/P ROG 

PSen 

PZ.7 (A15) 
P2.6 (A14) 
P2.S {A13} 



8-Bit 

Microcontroller 
with 8 Kbytes 
Flash 




Block Diagram 



PSEN -4- 
ALE/PHOG •* 

EfTl V„ 

RST — 



mum mtmi 



RAM AODR. 
REQISTER 



RAM 



B 






REGiSTER 




ACC 



PORT DRIVERS PORT 2 DRIVERS 
* * * * 



PORT 
LATCH 



PORT 2 
LATCH 



STACK 
POINTER 



TMP1 

— r 



TIMING 
AND 
->j CONTROL 

-> 



INSTRUCTION ^ 
REGISTER 



INTERRUPT, SERIAL PORT, 
AND TIMER BLOCKS 



Z T 



PORT 1 
LATCH 



PORT 1 DRIVERS 



PROGRAM 
ADDRESS k- 
REGISTB1 



•4 ► BUFFER ♦ 



PROGRAM 
COUNTER 



PORT 3 
LATCH 



I 



PORT 3 DRIVERS 



P1.0 - P1.7 



P3.0 - P3.7 
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I)escriptiore<QaiiJSp«^r ! • T 

designed widi^^tMf logic for efia^on down to zero frequency 
and supports two software selectable power saving modes. The 
Idle Mode stops the CPU while allowing the RAM, timer/count- 
ers, serial port, and interrupt system to continue functioning. 
Th()JHfwer Pmyq Irfode saves the RAM contents but freezes the 
oscillator, disabling all other chip functions until the next hard- 
ware reset. 

Vcc 

Supply voltage. 
GND 
Ground. 
PortO 

Port is an 8-bit open drain bidirectional I/O port. As an output 
port, each pin can sink eight TTL inputs. When Is are written to 
port pins, the pins can be used as high-impedance inputs. 
Port can also be configiu'ed to be the multiplexed low-order 
address/data bus during accesses to external program and data 
memory. In this mode, PO has internal pullups. 
Port also receives the code bytes during Flash programming 
and outputs the code bytes during program verification. External 
pullups are required during program verification. 
Port 1 

Port 1 is an 8-bit bidirectional I/O port with internal pullup.s. The 
Port 1 output buffers can sink/source four TTL inputs. When Is 
are written to Port 1 pins, they are pulled high by the internal 
pullups and can be used as inputs. As inputs. Port 1 pins that are 
externally being pulled low will source current (Iil) because of 
the internal pullups. 

In addition, Pl.O and PI. I can be configured to be the 
timer/counter 2 e.xtcrna! count input (P1.0/T2) and the 
timer/counter 2 (rigger input (P1.1/T2EX), respectively, as 
shown in the following table. 



Port Pin 


Alternate Functions 


P1.0 
P1.1 


T2 (external count Input to 
Timer/Counter 2), clock-out 
T2EX (Timer/Counter 2 capture/reload 
trigger anci direction control) 



Port 1 also receives the low-order address bytes during Flash 

programming and program verification. 

Port2 

Port 2 is an 8-bit bidirectional I/O port with internal pullups. The 
Port 2 ou^iut buffers can sink/source four TTL inputs. When Is 
are Y?ritten to Port 2 pins, they are pulled high by the internal 
pullups and can be used as inputs. As inputs. Port 2 pins that are 
externally being pulled low will source cunent (Iil) because of 
the intbmal pullups. 

Port 2 emits tlie high-order address byte during fetches from ex- 
tBr60lipt^^:(^p)fgyimd Agkig accuses tq exMnal da&< 



inemory that use 16-bit addresses (MOVX @ DPTR). In this 
application, Port 2 u.ses strong internal pullups when emitting 
Is. During accesses to external data memory that use 8-bit ad- 
dresses (MOVX @ Rl), Port 2 emits the contents of the P2 Spe- 
cial Function Register. 

Port 2 also receives the high-order address bits and some control 
Port 3 

Port 3 is an 8-bit bidirectional I/O port with internal pullups. The 
Port J butput buffers can sink/source four TTL inputs. When Is 
are written to Port 3 pins, they are pulled high by the internal 
pullups and can be used as inputs. As inputs. Port 3 pins that are 
externally being pulled low will source current (Iil) because of 
the pullups. 

Port 3 also serves the functions of various special features of the 
AT89C51. as sho«n in Ihc liilluwiiiL' lahfj. 



Port Pin 


Alternate Functions 


P3.0 


RXD (serial input port) 


P3.1 


TXD (serial output port) 


P3.2 


INTO (external interrupt 0) 


P3.3 


INT1 (external interrupt 1) 


P3.4 


TO (timer external input) 


P3.5 


11 (timer 1 external Input) 


P3.6 


WR (external data memory write strobe) 


P3.7 


RD (external data memory read strobe) 



Port 3 also receives some control signals for Flash programming 
and programming verification. i 
RST 

Reset input. A high on this pin for two machine cycles while the 

oscillator is running resets the device. 

ALE/PROG 

Address Latch Enable is an output pulse for latching the low 
byte of the address during access es to ex ternal memory. This pin 
is. also the program pulse input (PROG) diuing Flash program- 
ming. 

In normal operation, ALE is emilted at a constant rate of 1/6 
the oscillator frequency and may be used for external timing or 
clocking purposes. Note, however, that one ALE ptd^& 
skipped during each access to external data memory. 
If desired, ALE operation can be disabled by setting bit of SFR 
location 8EH. With the bit set, ALE is active only during a 
MOVX or Move instruction. Otherwise, the pin is weakly 
pulled high. Setting the ALE-disable bit has no effect if the mi- 
crocrontroller is in external execution mode. 
PS^ 

Program Store Enable is the read strobe to external program 
memory. 

When the AT89 C52 is executing . code irom external program 
memory , PSEN is activated twice each machine cycle, except 
that two PSEN activations are skipped during each access to ex- 
,»iii##taftejnMjf,, ' ' (continuia) 



Special Fuiiiitton lieglslia^ . o 

A map of the- on-chip memacy area caUed the: SpecM Ftmction 
Register (SFR) space is shown in Table 1 . 
Note that not all of the addressies are occupied, and unoc^pied 
additesses may not be implemented on the chip. Read accesses to 
these addresses will in general return random (tea, and Mt^ 
accesses will have an indeterminate effect. 
User software should not write Is to these unlisted locations, 
since they may be used in future products to invoke n^w fea- 
tures. In that case) liietesetor kactive Vlte^ ^Mi^etH^m Wilt 
always be 0. 

Timer 2 Registers Control and status bits are contained in reg- 
isters T2C0N (shown in Table 2) and T2M0D (shown in Ta- 
ble 4) lor Timer 2. The register pair (RCAP2H, RCAP2L) are 
the Capture/Reload registers for Timer 2 in 16-bit capture mode 
or 16-bit auto-reload mode. (continued) 
Output from the inverting oscillator amplifier. 



Table 1 . AT89C52 SFR Map and Reset Values 



0F8H 


















OFFH 


OFOH 


B 

00000000 










■i-UStiilLU. 






0F7H 


0E8H 












■Utiin mui 






OEFH 


OEOH 


ACC 
00000000 
















0E7H 


0D8H 


















ODFH 


«DOH 


PSW 
00000000 










i Wr.tivi t: 






0D7H 


0C8H 


T2CON 
00000000 


T2MOD 

xxxxxxoo 


RCAP2L 

00000000 
— jtdaHj 


RCAP2H 
00000000 


TL2 
00000000 


TH2 
00000000 






OCFH 


OCOH 


















0C7H 


0B8H 


IP 

xxoooooo 
















OBFH 


OBSM 


P3 

11111111 
















0B7H 


0A8H 


, IE 

bxoooooo 
















OAFH 


OAOH 


P2 

11111111 
















OATH 


98H 


SCON 
00000000 


SBUF 

xxxxxxxx 














9FH 


90H 


PI 

11111111 




yt-t^ } .„-; 


. .,..j> 










97H 


88H 


ICON 
00000000 


TMOD 
00000000 


TLO 
00000000 


TL1 
00000000 


THO 
00000000 


TH1 
00000000 






8FH 




PO 

'11111111 


SP 
00000111 




DPH 




J 




PCON . .. 

oxxxWJtW' 


87**' 



Pin Description (Continued) 

EAATpp 

External Access Enable. EA must be strapped to GND in order 
to enable the device to fetch code from external program mem- 
ory locations starting at OOOOH up to FFFFH. Note, however, 
that if lock bit J isfHiegiammecltS^ynU ^ <"> 
reset. 

EA should be strapped to Vcc for internal program executions. 

This pin al^g receives the 12-:y9lt progfTOPSS fflSl^ J^JMg* 
(Vff) duriqg^Bl^lie^ifiquning iwhen I|>^|^g|^;g9^|i^ 
selected, \,k >i rt.-jOiTi. -; j'lu . 

XTALl • li I !w4t'^ 6 ■ isci liAdi-v . 

Input to the inverting oscillator amplifier and input tO ite intei'- 

nal clock operating circuit. 

XTAL2 



AT89C52 



Table 2. T2C0N— Timcr/Counlcr 2 C.niirol Register 

T2CON Address = 0C8H ^ , t-^^V^,'-^^ ~~ Reset^^U«;^,0000 pPOOB 



Bit Addressable 





TF2 


EXF2 


RCLK 


TCLK 


EXEN2 


TR2 


cn2 


CP/RT.^ 


Bit 


7 


6 


5 


4 




- 







. fSyinbol 


Function 


TF2 


Timer 2 overflow flag set by a Timer 2 overftiO(*''afid Wtflst'tii dfeared by software. TF2 will not be 
set when eitlier RCLK = 1 or TCLK = 1 . 


EXF2 


Timer 2 external flag set when either a capture or reload is caused by a negative transition on 
1 iitA ana cAtiN^; = i. vvnen i imer inierrupi is enauieo, t;Ar<i — i witi cause ine uru lo vecior 
to the Timer 2 interrupt routine. EXF2 must be cleared by software. EXF2 does not cause an 
Interrupt in up/down counter mode (DCEN = 1). . 


RCLK 


Receive clock enable. When set, causes the>«ierial portitO'USS''B(()et2.e|weillow. pulses ioriits 
receive clock in serial port Modes 1 and 3. R€/LK'^ cai^es 'Timer 1 overflow to* be used'for the 
receive clock. 


TCLK 


Transmit clock enable. When set, causes the seri^ port to use Timer 2 overflow pulses for jts 
transmit clock in serial port Modes 1 and 3. TCLK = causes Timer 1 overflows to Mi used for the ' 

transmit clock. " ' " ' . ' ' 


EXEN2 


Timer 2 extemal enable. When set, allows a capture or reload to occur as a result of a negative 

transition on T2EX if Timer 2 is not being used to clock the serial port. EXEN2 = causes Timer 2 
to ignore events at T2EX. 


TR2 


Start/Stop control for Timer 2. TR2 = 1 starts the timer. 


crn 


Timer or counter select for Timer 2. C/TZ = for timer function. C/T2 = 1 for external event 
counter (falling edge triggered). - •- — ■ 


cpMI 


Capture/Reload select. CP/RL2 = 1 causes captures to occur on negative transitioi)Sfatll!2EX If L 
EXEN2 = 1 . CP/RL2 = causes automatic reloads to occur when Timer 2 overflows or negative 
transitions occur at T2EX when EXEN2 = 1 . When either RCLK or TCLK = 1 , this bit is ignored 
and the timer is forced to autp-rsload on Timer 2 overflow. 



Special Function Registers (Continued) 

Interrupt Registers The individual interrupt enable bits ate in 
the IE register. Two priorities can be set for each of the six inter* 
nq>t sources in the IP register. 



Data Memory 

The AT89C52 implements 256 bytes of on-ciiip RAM. Tiie up- 
per 128 bytes occupy a parallel address space to the Special 
Function Registers. That means the upper 128 bytes have the 
same addresses as the SFR ^lace but are physii^ly Separate 
from SFR space. 

When an instruction accesses an internal location above address 
7FH, the address mode used in the instruction specifies whether 
the CPU accesses the upper 1 28 bytes of RAM or the SFR space. 
Instructions that use dhect addressiiig acc^S^^lBSiSSik- 



For example, the following direct addressing instruction ac- 
cesses the SFR at location OAOH (which is P2). - 
MOV OAOH, #data 

Instructions that use indirect addressing access the upper 128 
bytes of RAM. For example, the following indirect addressing 
instruction, where RO contains OAOH, accesses the data byte at 
address OAOH, rather than P2 (whose address is OAOH). 

MOV @R0, #data ' ' 

Note that stack operations are examples of indirect addressing, 
so the upper 1 28 bytes of data RAM are available as stack space. 




Timer and 1 

Timer and Timer 1 in the AT89C52 operate ^^ssme'way as 
Timer and Timer 1 in the AT89C51. 

Timer 2 

Timer 2 is a 16-bit HmerAIbunter that can operate as either a 
6mer OT^an event counter. The type of operation is selected by 
bit OT2 ili thrSFR T2e©N f8*own in-Tgbte4!). Timer 2^ has 
three operating modes: capture, auto-reload (up or down count- 
ing), and baud rate generator. The modes are selected by bits in 
T2CON, as shown in Table 3. 

Timer 2 consists of two 8-bit registers, TIG and TL2. In the 
Timer function, the TL2 register is incremented every machine 
cycle. Since a machine cycle consists of 12 oscillator periods, 
the count rate Is 1/12 of the oscillator frequency. 
In the Counter function, the register is incremented in response 
to a l-lo-O transition at its corresponding external input pin, T2. 
In this function, the external input is sampled during S5P2 of 
every machine cycle. When the samples show a high in one cy- 
cle and a low in the next cycle, the count is incremented. The 
new count value appears in the register during S3P1 of the cycle 
following the one in which the transition was detected. Since 
two^nachine cycles (24 oscillator periods) are required to recog- 
nize a 1-to-O transition, the maximum count rale is 1/24 of the 
oscillator frequency. To ensure that a given level is sampled at 
least once before it changes, the level should be held for at least 
one full machine cycle. 

Table 3. Timer 2 C^ierating Modes 



RCLK + TCLK 


CP/RL2 


TR2 


MODE 








1 


16-Bit Auto-Reload 





1 


1 


16-Bit Capture 


1 


X 


1 


Baud Rate Generator 


X 


X 





(Off) 



Capture Mode " ' ^ - 

In the capture mode, two options are selected by bit EXEN2 in 
T2C0N. If EXEN2 = 0, Timer 2 is a 16-biI timer or counter 
which upon overflow sets hit TF2 in T2CON. This bit can then 
be used to generate an interrupt. If EXEN2 = 1, Timer 2 per- 
forms the same operation, but a l-to-0 transition at external input 
T2EX also causes the current value in TH2 and TL2 to be cap- 
tured into RCAP2H and RCAP2L, respectively. In addition, the 
transition at T2EX causes bit EXF2 in T2CON to be set. The 
EXF2 bit, like TF2, can generate an interrupt. The e#taf^ mode 
is illustrated in Figure I . 

Auto-Reload (Up or Down Counter) 

Timer 2 can be pit^ammed' tb count iq> dr down when config- 
ured in its 16-bit auto-reload mode. This feature is invoked by 
the DCEN (Down Counter Enable) bit located in the SFR 
T2MOD (see Table 4). Upon reset, the DCEN bit is set (o 0, so 
that timer 2 will default to count up. When DCEN is set. Timer 2 
can count up or down, depending on the value of the T2EX pin. 
Figure 2 shows Timer 2 automatically counting up when 
DCEN^O. In this mode, two options are selected by bitEXBN2 
in T2C0N. If ECEN2 = 0, Timer 2 counts up to OFFFFH and 
then sets the TF2 bit upon overflow. The overflow also causes 
the timer registers to be reloaded with the 16-bit value in 
RCAP2H and RCAP2L. The values in RCAP2H and RCAP2L 
are preset by software. If EXEN2 = 1, a 16-bit reload can be 
triggered either by an overflow or by a l-to-0 transition at exter- 
nal input T2EX. This transition also sets the EXF2 bit. Both the 
TF2 and EXF2 bits can generate an interrupt if enabled. 
Setting the DCEN bit enables Timer 2 to count up or down, as 
shown in Figure 3. In this mode, the T2EX pin controls the di- 
rection of the count. A logic I at T2EX makes Timer 2 count up. 
The timer will overflow at OFFFFH and set the TF2 bit. This 
overflow also causes the 16-bit value in RCAP2H and RCAP2L 
to be ideaded iate the ttm^ - cegistras, TH2 and TL2, 
respectively. (continued) 



Figure 1. Timet 2 in Culture Mode 
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Auto-Reload (Up or Down Counter) (Continued) 

A logic at T2EX makes Timer 2 count down. The timer under- The EXF2 bit toggles whenever Timer 2 overflows or under- 
flows when TH2 and TL2 equal the values stored in RCAP2H flows and can be used as a 17th bit of resolution. In this operat- 
and RCAP2L. The underflow sets the TF2 bit and causes ing mode, EXF2 does not flag an interrupt. 
OFFFFH to be reloaded into the timer registers. 



Figure 2. Timer 2 Auto Reload Mode (DCEN = 0) 
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Table 4. T2MOD— Timer 2 Mode Control Regfeter 



T2MOD Address = 0C9H Reset Value = XXXX XXOOB 

Not Bit Addressable 

















T20E 


DCEN 


Bit 


7 


6 


5 


4 


3 , 


2 


1 






Symbol 


Function 






Not implemented, reserved for future use. 




T20E 


Timer 2 Output Enable bit. 




DCEN 


When set, this bit allows Timer 2 to be configured as an up/down counter. 





Figure 3. Tiiner 2 Auto Reload Mode (DCEN = 1) 
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jtaud.Rate Generator 

Timer 2 is selected as the baud rate generator by setting TCLK 
and/or RCLK in T2CON (Table 2). Note that the baud rates for 
transmit and receive can be different if Timer 2 is used for the 
receiver or transmitter and Timer 1 is used for the other function . 
Setting RCLK and/or TCLK puts Timer 2 into its baud rate gen- 
erator mode, as shown in Figure 4. 

The baud rate generator mode is similar to the auto-reload mode, 
in that a rollover in TH2 causes the Timer 2 registers to be re- 
loaded with the 1 6-bit value in registers RCAP2H and RCAP2L, 
which are preset by software. 

The baud rates in Modes 1 and 3 are determined by Timer 2's 
overflow rate according to Ihe following equation. 



M^sdesl -and-S'Saud^Ratesi 



Timet 2 Overflow Rm 
16 " 



The Timer can be configured for either timer or counter opera- 
tion. In most applications, it is configured for timer operation 
(CP/T2 = 0). The timer operation is different for Timer 2 when 
it is used as a baud rate generator. Normally, as a timer, it incre- 
ments every machine cycle (at 1/12 the oscillator frequency). As 
a baud rate generator, however, it increments every state time (at 



1/2 the oscillator frequency). The baud rate formula is givrai be- 
low. 

Modes! and 3 Oscillator Frequency 

Baud Rate ~ 32 x [65536 - (RCAP2H, RCAP2L)] 

where (RCAP2H, RCAP2L) is the content of RCAP2H and 
RCAP2L taken as a 16-bit unsigned integer. 
Timer 2 as a baud rate generator is shown in Figure 4. This fig- 
uite is vaUd only if RCLK or TCLK = 1 in T2C0N. Note that a 
tSUoniii ik Tf£2 does not set TF2 and will not generate an inter- 
rupt. Note too^^ if'E}£BN2 iii sei,<al I'-to-d tiansitioif in T^lEX 
will set fi!EP2' but will Bot cmise ia teload £toin ,(RCAP^ 
ACAI>2b}to (THZ, Th2).Tbus wbraHiniaiiZtig imii^as abaud 
rate generator, T2BXrcan be tised as ati'extra external interrupt 
Note that when Timer 2 is running (TR2 = 1 ) as a timer in the 
baud rate generator mode, TH2 or TL2 should not be read from 
or written to. Under these conditions, the Timer is incremented 
every state time, and the results of a read or write may not be 
accurate. The RCAP2 registers may be read but should not be 
written to, because a write might overlap a reload and cause 
write and/or reload errors. The timer should be turned off (clear 
TB2) befoi!eaccessing the Timer 2 or RCAP2 registers. 



ngOreS. Timer 2 in Clock-Out Mode 
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Prbgremmable Ctoek Out <Ko-i>tr>^>T^~'4-f 

A 50% duty cycle clock can be programmed to come out on 
Pl.O, as shown in Figure 5. This pin, besides being a regular I/O 
pin, has two alternate ftinctions. It can be programmed to input 
the external clock for Timer/Counter 2 or to output a 50% duty 
cycle clock ranging from 61 Hz to 4 MHz at a 16 MHz operating 
frequency. 

To configure the Timer/Counter 2 as a clock generator, bit C/T2 

(T2CON. 1 ) must be cleared and bit T20E (T2M0D. 1 ) must be 

set. Bit TR2 (T2CON.2) starts and stops the timer. 

The clock-out frequency depends on the oscillator frequency 

and the reload value of Timer 2 capture registers (RCAP2H, 

RCAP2L), as shown in the following equation. 

„, , „ .r. Oscillator Frequency 
Clock-OutFrequency= ^ ' 



4 X [65536 - (ReAKai. RCAP2L)] 



In the clock-out mode, Timer 2 roU-ovtirs will not generate an 
interrupt. This behavior is similar to when Timer 2 is used as a 
baud-rate generator. It is possible to use HmeF 2 as a baud-rate 
^nerator and a clock generator simultaneously^ Note, however, 
that the baud-rate and clodc-<Sut freqaeatf^-^SMM-to^ii^ 
mined independently from one anoAer mim ttt^ befit 
RCAP2HandRCAP2L. 

UART 

The UART in the AT89C52 operates the same way as the 
UARTintheAT89C51, , - 



Interrupts 

The AT89 C52 h as a total o f six interrupt vectors: two external 
interrupts (INTO and INTl), three timer intranipts (Timos % U 
and 2), and the serial port interrupt. These interrupts ate idl 
shown in Figure 6. 

Each of these interrupt sources can be individually enabled or 
disabled by setting or clearing a bit in Special Function Re^ster 
IE. IE also contains a global disable bit, EA, which disables all 

interrupts at once. 

Note thai Table 5 shows that bit position IE.6 is unimplemented. 
In the AT89C51, bit position IE. 5 is also unimplemented. User 
software should not write Is to these bit positions, since they 
may be used in future AT89 products. 

Timer 2 interrupt is generated by the logical OR of bits TF2 and 
EXF2 in register T2CON. Neither of these flags is cleared by 
hardware when the service routine is vectored to. In fact, the 
ser\ ice routine may have to determine whether it was TF2 or 
EXP2 that generated the interrupt, and that bit will have to be 
cleared in software. 

The Timer and Timer 1 flags, TFO and TFI, are set at S5P2 of 
the cycle in which the timers overflow. The values are then 
polled by the circuitry in the next cycle. However, the Timer 2 
flag, TF2, is set at S2P2 and is polled in the same cycle in which 
Sows. 



5. Inlenupt Hnab 


e (IKi 


Regis 


er 






(MSB) 












(LSB) 


EA 




ET2 


ES 


ETl 


EXl 


ETO 


EXO 



Enable Bit = 1 enables the interrupt. 
^am^iBit = d&^1es%e in^rru^. 



Symbol 


Position 


Function 




Disables all Interrupts. If 
EA = 0, no Interrupt Is 
acknowledged. If EA = 1 , each 
interrupt source is individually 
enabled or disabled by setting or 
clearing its enable bit. 




IE.6 


Reserved. 


ET2 


IE.5 


Timer 2 Interrupt enable bit. 


ES 


ie:4 


Serial Port interrupt enable bit. 


ETI 


fm - ■ 


.Timer 1 interrupt enable bit. 


EXl 


m.2 


External Interrupt 1 enable bit. 


ETO 


lE.l 


Timer interrupt enable bit. 


EXO 


lE.O 


External interrupt enable bit. 


User software should never write 1 s to unimplemented 
bits, because they may be used In future AT89 
products. . - -, 



Figure 6. Inteffl^ I 
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Oscillator Characteristics 

XTALl and XTAL2 are the input and output, respectively, of an 
inverting amplifier that can be configured for use as an on-chip 
oscillator, as shown in Figure 7. Either a quartz crystal or ce- 
ramic resonator may be used. To drive the device from an exter- 
nal clock source, XTAL2 should be left unconnected while 
XTALl is driven, as shown in Figure 8. There are no require- 
ments on the duty cycle of the external clock signal, since the 
input to the internal clocking circuitry is through a divide-by- 
two flip-flop, but minimum and maximum voltage high and low 



Figure?. Oscillator Connections , 



Idle Mode 

In idle mode, the CPU puts itself to sleep while all the on-chip 
peripherals remain active. The mode is invoked by software. 
The content of the on-chip RAM and all the special functions 
registers remain unchanged during this mode. The idle mode can 

be terminated by any enabled interrupt or by a hardware reset. 
Note that when idle mode is terminated by a hardware reset, the 
device normally resumes program execution from where it left 
off, up to two machine cycles before the internal reset algorithm 
takes control. On-chip hardware inhibits access to internal RAM 
in this event, but access to the port pins is not inhibited. To 
eliminate the possibility of an unexpected write to a port pin 
when idle mode is terminated by a reset, the instruction follow- 
ing the one that invokes idle mode should not wfite to a port pin 
or to external memory. 

Power Down Mode 

In the power down mode, the oscillator is stopped, and the in- 
struction that invokes power down is the last instruction exe- 
cuted. The on-chip RAM and Special Function Registers retain 
^ir values until the power down mode is terminated. The only 
eat from power down is a hardware reset. Reset redefines the 
SFRs but does not change the on-chip RAM. The reset should 
not be activated before Vcc is restored to its normal operating 
level and must be held active long enough to allow the oscillator 
to restart and stabilize. 



XTAL2 




Notes: CI , C2 = 30 pF ± 10 pF for Crystals 

= 4G pF ± 10 pF f«' Ceramic Resonators 



Figure 8. External Clock Drive Configuration 
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Status of External Pins During Idle and Power Down 
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Program Memory Lock Bits ' ° 

The AT89CS2 has three lock bits that can be left unprogranmed 
(U) or can betirdgramtned (P) to obtain'the additional features 
listed in the following table. 

When lock bit 1 is programmed, the logic level at the EA pin is 
sampled and latched (Uring reset. If th^ ^e^ce is -prnmA «p 



.t. 



1 



withentia teaetiiAB lati^iriitiBl^s to a randbin' value and holds 
tlutt^'alue-untilxeset'is aettviMsdt ilhe latched; .ttfuB of gA.rougl 
a.pee'vilkihB omeat logic Kvel atithat pin in otdw. for the -de* 
viGe'tDfiineliOn> properly. ' . ■ u... -it-.u 



,11 h 



Lock Bit Protection Mo(JeSf 



Program Lock Bits 

LB1 . : , 


1 u u u 


No program lock features. 


2 P U U 


MOVC instructions executed from external^irpgram memory are disabled from 
fetching code bytes from internal memory, EA is sampled and latcfied on reset, and 
further programming of tfie Flash memory is disabled. 


3 P P U 


Same as mode 2, but verify Is also tltsabled. 


4 P P P 


Satne as moiiiJ^ external exTCuflori Is also dl^^ ' ' 



Programming tlie Flash 

The AT89C52 is normally shipped with the on-chip Flash mem- 
ory array in the erased state (that is, contents = FFH) and ready 
to be programmed. The programming interface accepts either a 
high-voltage (12-volt) or a low-voltage (Vcc) program enable 
signal. The low voltage programming mode provides a conven- 
ient way to program the AT89C52 inside the user's system, 
while the high-vollage programming mode is compatible with 
conventional third party Flash or EPROM programmers. 
The AT89C52 is shipped with either the hi^-jidtage or low- 
voltage programming mode enabled. The te^ecttve top-^de 
marking and device Mj^nBtuie codes loe isM k §eSm^t§ 
table. 



Vpp = 12V Vpp = 5V 


Top-Side Mark 


AT89C52 

xxxx 

yyww 


AT89C52 

xxxx-5 

yyww/ 


Signature 


(030H)=1EH 
(031H)=52H 
(032H)=FFH 


(030H)=1EH 
(031H)=52H 
(032HH>5H 



The AT89C52 code memory array is programined byte-by-byte 
in either progranuning mode. To program any non-blank byte in 
the on-chip Flash Memory, the entire memory must be erased 
using the Chip Erase Mode. 

Pragramniiigid^orilliin: Before programming the AT89C32, 

'the adiilesis,'dbta and'isontrol signals should be set up according 
!to the Flaia i^ogtammi^inode table and Figures 9 ^d 10. To 
program flie AT89C52,'CTce the following steps. 

1. Input the desired memory location on the address lines. 

2. Input the appropriate data byte on the data lines^ _ 

3. Actiy^l^Ae conectig^Mtation (^;{gi^om^^|)q 



4. Raise EAA^pp to 12 V for the high-vdtoge programming 
mode. 

5. Pulse ALEyPROG once to program a byte in the Flash 
array or the lock bits. The byte-write cycle is self-timed and 
typically takes no more than 1 .5 ms. Repeat steps I 
through 5, changing the address and data for the entire array 
or until the end of the object file is reached. 

Data Polling: The AT89C52 features Data Polling to indicate 
the end of a write cycle. During a write cycle, an attempted read 
of the last byte written will result in the complement of the writ- 
ten data on P0.7. Once the write cycle has been completed , true 
data is v^id o^ all oiitDuts^ and the next cycle may begiij. Data 
Pp)lin^i^y iepn aaypme met a write cycle has been iiiitia^i 

Ready/Busy: The pro gress of byte progranmiing can also be 
monitored by the RDY/BSY output signal. P3.4 is pul led low 
after ALE goes high during programming to indicate BUSY. 
P3.4 is pulled high again when programming is done to indicate 
READY. 

Program Verify: If lock bits LSI and LB2 have lUA been pro- 
grammed, the programmed code data can be read back via the 
address and data lines for verification. The lock bits cannot be 
verified directly. Verification of the lock bits is achieved by ob- 
serving that their features are enabled. 

Chip Erase: The entire Flash array is erased electrically by 
using the pro per combination of control signals and by holding 
ALE/PROG low for 10 ms. The code array is written with all Is. 
The chip erase operation must be executed before the cojde 
memory can be reprogrammed. 

Reading the Signature Bytes: The signature bytes are read by 
the same proce dure as a normal verification of locations 030H, 

A _JL [ }:'-(cd,mi^^ 



3.7« AT89C5a 



AT89C52 



Programming theFlffi^ (ContHued) a 

031H, and 032H, except that P3.6 and P3.7 must be pulled to a 
logic low. The values returned are as follows. 

(030H) = lEH indicates manufactured by Atm^l 
(03 1 H) = 52H indicates 89C52 
(032H) = FFH indicates 12 V progranuiiing 
(032H)= OSH indicates S V (HOgranuning 



Programming Interface ■ > 

Every code byte in the Flash array can be written, and the entire 
array can be erased, by using the appropriate combination of 
control signals. ^The wtite operation cycle is self-timed and once 
initiated, will a^tc^atically time itself to completion. 
All m^or programming vendors offer worldwide support for the 
Atmel microcontroller series. Please contact your local pro- 
gramming vendor for the appropriate software revision. 



Flash Programming Modes 
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Write Code Data 
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L 
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Read Code Data 
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Write Lock 


Bit - 1 
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H/12V 
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H 




Bit-2 


H 
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> rt/12V 
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L 




Bit -3 
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H/12V 
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Chip Erase 


H 


L 








L^ 
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Read Signature Byte 
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L 



Notes: 1. Thfe signatnte byte at location (B2H dcsi gna l B i vyfaether Vpp i 2. Chip Erase requires a 10 Ms PROG pulse. 
^ 12 V or Vpp= 3 V should beiised to enable •, • . , 

programming. - - - - 



Figure 9. Programming fteflaiHiMbniWy 



Figure 10.- V^^g Oief^tasttlpem^ 
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Flash Programming and Verification Characteristics 

Ta = 21 °C to 27°C, Vcc = 5.0 ± 1 0% 



Symbol 


Parameter 


Min 


Max 


Units 


VpplD 


Programming Enable Voltage 


11.5 


12.5 


V 


Ippd) 


Programming Enable Current 




1.0 


mA 


1/tCLCL 


Oscillator Frequency 


4 


24 


MHz 


tAVGL 


Address Setup to PROG Low 


48tCLCL 






tGHAX 


Address Hold After PROG 


48tCLCL 






tOVGL 


Data Setup to PROG Low 


48tCLCL 






tGHDX 


Data Hold After PROG 


4«CLCL 






tEHSH 


P2.7 (ENABLE) High to Vpp 


^lOLCL 






fSHGL 


Vpp Setup to PROG Low 


10 




MS 


tGHSL'^' 


Vpp Hold After PROG 


10 




fiS 


tGLGH 


PROG Width 


1 


110 


US 


UVQV 


Address to Data Valid 




48tCLCL 




tELQV 


ENABLE Low to Data Valid 




48tCLCL 




tEHQV 


Data Float After ENABLE 





48tCLCL 




tGHBL 


PROG High to BUSY Low 




1.0 


lis 


twc 


Byte Write Cycle Time 




2.0 


ins 



Note: 1. Only used in I2-vob p ro gra mmingmjfe 
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Flash Programming and Verification Waveforms - High Voltage Mode 
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Flash Programmtng and Veriftcatton Waveforn;® - Lgw Voltage Mode 
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Absolute Maximum Ratings* 

Operating Temperature -55°C to +125°C 

Storage Temperature^: J...;...- i -iS*CTSi-150*G 

Voltage on Any Pin 

with Respect to Ground -1 .0 V to +7.0 V 

Maximum Operating Voltage 6.6 V 

DC Output Current.. r..™.;.n..,:n!-t8S©WS^ 



D.C. Characteristics 

The values shown in this table are valid for Ta = -40°C jto SS"© isncj Vcc = 5.0 V ± 20%, unless othenwise noted. 







Condition 


Min 


Max 


Units 


Vii 

V IL 


Innut Low Voltddfi 


/Pycent FA^ 


-0.5 


0.2 Vcc-0.1 


V 


• ILi 


Innut 1 nw Vnltanp ^FA^ 




-0.5 


0.2 Vcc-0.3 


V 


Vim 
» In 


Input High Voltage 


<ExceDf XTAL1 RST^ 


0.2 Vcc-^0.9 


VcC+0.5 


V 


VlHI 


Innut Hinh Vnltanp 

II TvUi 1 IIMI 1 ■ VliMMw 


(XTAL1 RST^ 


0.7 Vcc 


Vcc+0.5 


V 


Vol 


Output Low Voltage*^' 
(Ports 1,2,3) 






0.45 


V 


VoL1 


OutDut Low Voltaqe'^' 
(Port 0, ALE, PSEN) 


loL = 3^mA 




0.45 


V 




OutDut Hiah Voltaae 
(Ports 1,2,3, AL.E,; PSEN) 


%U = -iB6 (lA, Vcc = 5 V it 10% 


' 2.1 




' V ' 


VOH 


lOH = -25 (lA 


0.75 Vcc 




V 




IOH = -10jiA 


0.9 Vcc 




V 




Output High Voltage 
(Port in Ext^nial Bus 


lOH = -800 nA, Vcc = 5 V ± 10% 


2.4 




V 


VoH1 


lOH = -300 \lA 


0.75 Vcc 




V 




Mode) 


lOH = -80 nA 


0.9 Vcc 




V 


IlL 


Logical Input Current 
(Ports 1,2,3) 


^ — 

ViN = 0.45 V 




-50 


HA 


ITL 


Logical 1 to Transition 

Current (Ports 1,2,3) 


ViN = 2 V 




-650 


|j.A 


ILI 


Input Leakage Current 
(Port 0, EA) 


0J5<ViN<y<x; 




±10:. 


HA 


RRST 


Reset Pulldown Resistor 




50 


300 


Kn 


ClO 


Pin Capacitance 


Test Freq. = 1 MHz, Ta = asX 




10 


PF 




Power Supply Current 


Active Mode, 12 MHz. ) 




25 


mA 


Ice 


Idle Mode, 12 MHz 




6.5 


mA 


Power Down Mode*^' ^ 


Vcc = 6V 




100 


HA 








40 


mA 



Notes: I. Undci steady state (non-transient) conditions, loLHUist If lOL exceeds the test condition, VOL may exceed Ibe 

be externally limited as follows: related specification. Pins are not guaranteed to sink 

Maximum lot per port pin: 10 mA current greater than the listed test conditions. 

Maximum loL per 8-bit port: 2. Minimimi Vcc for Power Down is 2 V. 

Port 0:26 mA 
Ports 1,2, 3:15 mA 

Maximum total lOL for all out|iut |tes7l siA 



♦NOTICE; Stresses beyond those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating oidy and fimcdonal operation of the device at these 
or any other conditions tieyond tliose indicated in the operational 
sections of tiiis specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect de- 
vice reliability. • 'i : 
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A.C. Characteristics 

Under operating conditions, load capacitemce for Port 0, ALE/PROG, and PSEN = 100 pF; load capacitance for all 
other oirtputs = 80 pF. 



External Program and Data Memory Characteristics 







12 MHz Oscillator 


Variable Oscillator 




Symbol 


Parameter 


Min 


Max 




Max 


Units 


1/fCLCL 


Oscillator Frequency 







24 


MHz 


tLHLL 


ALE Pulse Width 


127 


2tCLCL-40 


ns 


tAVLL 


Address Valid to ALE Low 


28 


tCLCL-13 


ns 


tLLAX 


Address IHold After ALE Low 


48 — 


tCLCL-20 


ns 


tLLIV 


ALE Low to Valid inaction In 


r 233 


4td.cL-e5 


ns 


tLLPL 


ALE Low to PSEN Low 


43 


tCLCL-13 


ns 


tPLPH 


PSEN Pulse Width 


205 


3tCLCL-20 


ns 


tPLIV 


PSEN Low to Valid Instruction In 


145 


3la.CL-45 


ns 


tpxix 


Input Instruction Hold After PSEN 








ns 


tPXIZ 


Input Instruction Float After PSEN 


59 


tCLCL-10 


ns 


tPXAV 


PSEN to Address Valid 


7S 


tCLCL-8 


ns 


tAVIV 


Address to Valid Instruction In 


312 


5tCLCL-55 


ns 


tPLAZ 


PSEN Low to Address Float 


'io 


' 'io 


ns 


tRLRH 


RD Pulse Width 


400 


6tCLCL-100 


ns 


tWLWH 


WR Pulse Width 


400 


6tCLCL-iP0 


ns 


tRLDV 


RD Low to Valid Data In 


252 


5tCLCL-90 


ns 


tRHDX 


Data Hold After RD 








ns 


tRHDZ 


Data Float After RD 


97 


2tcLCL-28 


ns 


tLLDV 


ALE Low to Valid Data In 




517 


8tCLC!L-150 


ns 


tAVDV 


Address to Valid Data In 


585 


9tCLCL-165 


ns 


tLLWL 


ALE Low to RD or WR Low 


200 


300 


3tcLCL-50 


3tCLCL+50 


ns 


tAVWL 


Address to RD or WR Low 


203 


4tCLCL-75 


ns 


tQVWX 


Data Valid to WR Transition 


23 


tCLCL-20 


ns 


tQVWH 


Data Valid to WR High 


433 


7tCLCL-120 


ns 


tWHQX 


Data Hold After WR 


33 


tCLCL-20 


ns 


tRLAZ 


RD Low to Address Float 








ns 


tWHLH 


RD or WR High, to ALE Higfi 


4,9, . , , 


,123 


tCLCL-20 


tCLCL+25 


ns 












~ % — 





External Program Memory Read Cycle :• -^'i ; ^ , 

t.t. .aia.vi«lt«qc., r , - . HM^iA.C •n><;if>l^?- '*a&:i»ob.i> . : ■ 



PSEN / ~ 



PORTO 



PORT 2 



V 



'y— C AD-A7 ) ( INSTRIN >>> — ( A0-A7 > -^C~ 



V 



:>c 



AB-A1S 



lffMiS.vftB-A15 



External Data Memory Read Cyi^le 



ALE 



PSEN 



RD 



-tmu.- 



PORTO >- (AO - A7 FROM RIORDPL> 00 



- Wll- 



tujsv *\ 

' — *RLRH - 



tLLWL - 



-tlLAX 1 

tRLAZ- 



Uvvw. - 



UVDV 



tRLDV 



y 



tRHDZ 
-tRHDX 



(DATA IN) ^ (AO - AT-FROM PCLXiNSTR IN 



External Data Memory Cycle 



-tLHLL- 



ALE 



PSEN 



.WR 



PORTO >- (AO - A7 FROM Rl OB PPL > 



PORT 2 



- 'avll- 



— *LLWL - 

-'lux — 
kjvwx " 



■ tAVWL 



-twLWH - 



■tovwH- 



* tWHLH 



X / 



twHQX 



DATA OUT . >O <A0 - A7 FROM PCLXINSTR IN 



P2.0-P2.7 ORAB-A15FROMDPH X A6 - A15 FROM PCH 



External Clock Drive Waveforms 



tCHCX 




External Clock Drive 



Symbol 


Parameter 


Min 


Max 


Units 


1/tCLCL 


Oscillator Frequency 





24 


MHz 


tCLCL 


Clock Period 


41.6 




ns 


tCHCX 


High Time 


15 




ns 


tCLCX 


Low Time 


15 




ns 


tCLCH 


Rise Time 




20 


*1S 


tCHCL 


Fall Time 




20 


ns 



Serial Port Timing: Shift Register Mode Test Conditions 

The values in this table are valid for Vex: = 5.0 V ± 20% and Load Capacitance = 80 pF. 



Symbol 


Parameter 


12 MHz Osc 

Min Max 


Variable Oscillator 

Min Max 


Units 


tXLXL 


Serial Port Clock Cycle Time 


1.0 


12tcLCL 


US 


tOVXH 


Output Data Setup to Clock Rising Edge 


700 


10tCLCL-133 


ns 


tXHQX 


Output Data Hold After Clock Rising Edge 


50 


2tcLCL-33 


ns 


b(HDX 


Input Data Hold After Clock Rising Edge 








ns 


bCHDV 


Clock Rising Edge to Input Data Valid 


700 


10tCLCL-133 


ns 



y^Mtii Shift Register Mode TiningiliVii^^ 



r 



INSTRUCTION 
ALE 



CLOCK 



iWRITETOSBUF; 
OUTPUT DATA 



l0i1|2|3|4|5|6|7|8| 




X3 



\>— txHDX SETTI t 



INPUT DATA 



SET 



AC Testing input/Output Waveforms Float Waveforms 



-0.5 V 



0.45 V 




Note: 1. AC Inputs during (rating are driven at Vcc- 0.5 V 

for a logic 1 and 0.43 V for a logic 0. Timing measure- 
ments are made^ VlH min. for a kigic 1 and Vn, max. 
for a 1(^0. 



Timing Reference 
Points 



Note: 1 . For timing purposes, a port pin is no longer floating when 
100-mV change from load voltage occurs. A port pin be- 
gins to float who) a 100-mV cbsogis fiom the loaded 
VoiO'cM- level occur*. - 
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Ordering Information 



Speed 
(MHz) 


Power 
Supply 






■ .?.<;.: ■ill', ' :>^'ij H , ' ' R 




Package 


' Operation Range 














._5V±20% 


AT89C52-12AC 


44A 


Commercial 






AT89C52-12JC 
AT89C52-12PC 
AT89C52-12QC _ 


44J 

40P6 

44Q 


(0°Cto70°C) 


. — 


— 


















AT89C52-12AI 
AT89C52-12JI 
AT89C52-12PI 

AT89C52-12QI 


44A 
44J 
40P6 
44Q 


Industrial 
(-40"G to SS^C) 






AT89C52-12AA 
AT89C52-12JA 
AT89C52-12PA 
AT89C52-12QA 


44A 
44J 
40P6 
44Q 


Automotive 
• {-40°Cto125''C) 




5V±10% 


AT89C52-12DM 
AT89C52-12LM 


40D6 
44L 


Military 
(-55°Cto 125°C) 






AT89C52-12DM/883 
AT89C52-12LM/883 


40D6 
44L 


Military/883C 
Class B, Fully Compliant 
(-55°Gto 125°C) 


16 


5 V ± 20% 


AT89C52-16AC 
AT89C52-16JC 
AT89C52-16PC 
AT89C52-16QC 


44A 
44J 
40P6 
44Q 


Commercial 
(0°Cto70'*C) 






AT89C52-16AI 
AT89C52-16JI 
AT89C52-16PI 
AT89C52-16QI 


44A 
44J 
40P6 
44Q 


Industrial 
(-40°Cto85''C) 






AT89C52-16AA 
AT89C52-16JA 
AT89C52-16PA 
AT89C52-16QA 


44A 

44J 

40P6 

44Q 


Automotive 
(-40°Cto 125''C) 


20 


5V±20% 


AT89C52-20AC 
AT89C52-20JC 
AT89C52-20PC 
AT89C52-20QC 


44A 

44J 

40P6 

44Q 


Commerraal 
(0°C to 70'G) 






AT89C52-20AI 
AT89C52-20JI 

A 1 oyOo^-^Ur'l 

AT89C52-20QI 


44A 
44J 

4Urb 
44Q 


Industrial 
(■^O-CtoSS-C) 


24 


5V±20% 


AT89C52-24AC 
AT89C52-24JC 
AT89C52-24PC 
AT89C52-24QC 


44A 
44J 
44P6 
44Q 


Commercial 

{o°cto7on;) 






AT89C52-24AI 
AT89C52-24JI 
AT89C52-24PI 
AT89C52-24QI 


44A 
44J 
44P6 
44Q 


Industrial 
(-40°C to as-c) 



Package Type i • : ' irn v - 


44A 


44 Lead, Thin Plastic Gull Wing Quad Flatpack (TQFP) . - ~ - 


40D6 r 


'40 Lsait 0.600* Wide, Non-WindtMwed, Ceramic Dual Mne Paekag9i(Qai^) 


44J 


44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


44L 


44 Pad, Non-Windowed, Ceramic Leadless Chip Carrier (LCC) 


40P6 


40 L^ad, aeOC Wide, Plastic Dual Inline Package (PDIP) 


44Q 





SOfM 



-i 



o; 0; 
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Features 

• Compatible with IWCS-51™ Products 

• 8 Kbytes of In-System Reprogrammable Flash Memory 

Endurance: 1,000 Write/Erase Cycles 

• Fully Static Operation: Hz to 12 MHz 

• Three-Level Program Memory Lock 

• 256 X 8-Bit Internal RAM 

• 32 Programmable I/O Lines _ _ I 

• Three 16-Blt Timer/Counters 

• Eight Interrupt Sources 

• Programmable Serial Channel 

• Low Power Idle and Power Down Modes J *"• ~i 

• 2.7 V to 6 V Operating Range 



Description 

The AT89LV52 is a low-voltage, high-perfonnance CMOS 8-bit microcomputer with 8 Kbytes 
of Flash programmable and erasable read only memory (PEROM). The device is manufac- 
tured using Atmel'sJiigh density nonvolatile memory technology and is compatible with the 
industry standard 80CS1 and 80C52 instruction set and pinout. The on-chip Flash allows the 
program memory to be reprogrammed in-system or by a conventional nonvolatile memory 
programmer. By combining a versatile 8-bit CPU with Flash on a monolithic chip, the Atmel 
AT89LV52 is a powerful npicrocomputer which provides a highly flexible and cost q^ective 
solution to tii'ffijreffiBedaea control applications. The AT89IiV52 ophites ati2.7 volte 9p to 
6.0 volts. 

The AT89LV52 provides the following standard features: 8 Kbytes Of Flash, 256 bytes of 
RAM, 32 V0 lifi^ tbtt^ 6-bit timer/counters, a six-vector two-level intemipt atehitecture, a 
' - - {continued) 



Pin Configurations 



PDIP/Cerdip 



PQFP/TCIFP 



rww-o (J o ^ n 
La.Q.a.a.z>a.a.a.Q. 

nnnnnnnnnnri 



02) P1,0 C 


1 


40 


3 VCC 


mw''^) P1.1 c 


2 


39 


□ PO.O (ADO) 


PI. 2 C 


3 


38 


□ P0.1 (ADI) 


P1.3 C 


4 


37 


□ PD.2 (AD2) 


P1.4 C 


5 


36 


□ fas (AD3) 


P1.5 C 


6 


35 


3 P0.4 (AD4) 


P1.fi C 


7 


34 


3 PO.S (ADS) 


P1.7 C 


8 


33 


□ PC, 6 (AD6) 


RST C 


9 


32 


□ P0.7 (AD7) 


(RXO) P3.0 C 


10 


31 


□ EA/VPP 


(TXO) P3.1 t 


11 


30 


□ ALE/PHOG 


(INTO) P3.2 C 


12 


29 


□ PSEN 


(INTI ) P3.3 C 


13 


28 


3 P2.7 (A15) 


(TO) P3.4 C 


14 


27 


□ P2,6 (A14) 


(T1) P3.5 C 


15 


26 


□ P2.5 (A13) 


(WH) P3.B C 


16 


25 


□ P2.4 (A12) 


<FfD) P3.7 i: 


17 


24 


□ P2.3 (All) 


XTAL2 E: 


16 


23 


□ P2.2 (A10) 


XTAL1 C 


19 


ii 


□ P2.1 (A9) 


GND C 


20 


21 


3 P2.0 (AS) 



PLCC/LCC 



PI. 5 C 
P1.6 C 2 
PI. 7 C 
RST C 
(BXD) P3.0 C 
NC C 
(TXD ) P3. 
(INTO) P3.2 r 
(INTI) P3.3 C 
(TO) P3.4 C 
(T1) P3.5 C 



uuuuuULJLILJLILl 



3 P0.4 fAD4) 
D PO.S (ADS) 

□ P0.6 (AD6) 
H P0.7 (AD71 

} EA/VPP 

! NC 

I ALE/P ROG 
] PSEN 
] P2.7 (A15) 
1 P2.6 (A14) 

□ P2.5 {AI3) 



P1.7 I 
RST I 
(RXD) P3.0I 
NC I 
(TXD ) P3.1 
( INTO ) P3.2 
(INTI) P3.3 
(TO) P3.4 C 
(T1) P3.5 C 



. 0- a. a. a. Z > a. a. a. a. 



37 □ 
36 =1 



C 13 
C 14 



31 □ 



19,n2Un23,,25„27, 



'20"'22""24 26 2 8 

uuuuuuuuuuu 

a.a.ppa 0.0-0.0.0. 



U P0,4 (AD4) 

□ PO.S (ADS) 
P0.6 (A06) 
P0.7 {AD7) 
EA/VPP 

34t] NC 

□ ALE/P ROG 
PSEN 
P2.7 {A15) 
P2.6 {A14) 
P2.5 (A13) 



lill 



8-Bit 

Microcontroller 
with 8 Kbytes 
Flash 




Block Diagram 



PSEN ■<- 
ALE/PROG 
EAIV„ — 

WK- — 



-mum nmm 



POFTT DRIVERS 



RAM ADDR. 
REGISTER 




1 







RAM 

-T- 



B 

REGISTER 



PORT 2 DRIVERS 



PORT 
LATCH 



I 



PORT 2 
LATCH 



FLASH 

altmn 



STACK 
POINTER 



TIMING 
AND 
CONTROL 



INSTRUCTION 
REGISTER 



INTERRUPT SERIAL PORT, 
AND TIMER BLOCKS 



PORT 1 
LATCH 



PORT 1 DRIVERS 



PROGRAM 
ADDRESS 
REGIgTER 



BUFFER 



PnOQRAM 
COUNTER 



1 






PORT 3 




LATCH 


i 


L 



PORT 3 DRIVERS 



m AT89i^ 



AT89LV52 



Description (Continued) 

full duplex serial port, oa-c}iip oscillator, and clock circuitry. In 
addition, the AT89LV52 is designed with static logic for opera- 
tion down to zero frequency and supports two software select- 
able power saving modes. The Idle Mode stops the CPU while 
allowing the RAM, timer/counters, serial port, and interrupt sys- 
tem to continue functioning. The Power Down Mode saves the 
RAM contents but freezes the oscillator, disabling all other chip 
functions until the next hardware reset. 

Pin De^^Q^^tlQ^ 

Vcc 

Supply voltage. 

GND 

Ground. 

PortO 

Port is an 8-bit open drain bidirectional I/O port. As an output 
port, each pin can sinic eight TTL input-s. When 1 s are written to 
port pins, the pins can be used as high-impedance inputs. 
Port can also be configured to be the multiplexed low-order 
address/data bus during accesses to external program and data 
m^ory. In this mode, PO has internal puUups. 
Port also receives the code bytes during Flash programming 
and outputs the code bytes during program verification. External 
puUups are required during program verification. 
Portl 

Port 1 is an 8-bit bidirectional I/O port with internal pullups. The 
Port I output buffers can sink/source four TTL inputs. When Is 
are written to Port 1 pins, they are pulled high by the internal 
pullups and can be used as inputs. As inputs. Port 1 pins that are 
externally being pulled low will source current (In.) because of 
the internal pullups. 

In addition, Pl.O and Pl.l can be configured to be the 
timer/counter 2 external count input (P1.0/T2) and the 
timer/counter 2 trigger input (Pl.l/ttEX), respectively, as 

shown in the following table. 



Port Pin 


Alternate Functions 


Pl.O 
P1.1 


T2 (external count input to 
Timer/Counter 2), clock-out 
T2EX (Timer/Counter 2 capture/reload 
trigger and direction control) 



Port I also receives the low-order address bytes during Flash 
programming and program verification. 
Port 2 

Port 2 is an 8-bit bidirectional I/O port with internal pullups. The 
Port 2 output buffers can sink/source four TTL inputs. When Is 
are written to Port 2 pins, they are pulled high by the internal 
pullups and can be used as inputs. As inputs. Port 2 pins that are 
externally being pulled low will source.cutieht (In,) because of 
the internal pullups. ..^ 

Port 2 emits the high-order address byie during fetches from ex- 
teiail yftog^j^^^^^^i and duriog aecesses t^ extonal data 



memory that use 16-bit addresses (MOVX @ DPTR). In this 
application, Port 2 uses strong internal pullups when emitting 
Is. During accesses to external data memory that use 8-bit ad- 
dresses (MOVX @ RI), Port 2 emits the contents of the P2 Spe- 
cial Function Register. 

Port 2 also receives the high-order address bits and some control 
signals duri%Hish prbgnmmfiiig and vi»i(i^d^' ' ' 
Port 3 

Port 3 is an 8-bit bidirectional I/O port with internal pullups. The 
Port 3 oii^ut buffers can sink/source four TTL inputs. When Is 
are written to Port 3 pins. 'ihey are pulfed high by" the internal 
pullups and can be used as inputs. As inputs. Port 3 pins that are 
externally being pulled low wiU source current (In.) because e¥ 
tbepuUiqis: ' 

Port 3 also serves the fiinctions of various special features of the 

AT89LV51, as .shown in the following table. 



Port Pin 


Alternate Functions 


P3.0 


RXD (serial input port) 


P3.1 


TXD (serial output port) 


P3.2 


INTO (external Interrupt 0) 


P3.3 


INT1 (external Interrupt 1) 


P3.4 


TO (timer external input) 


P3.5 


T1 (timer 1 external input) 


P3.6 


WR (external data memory write strobe) 


P3.7 


RD (external data memory read strobe) 



Port 3 also receives some control signals for Flash programming 
and programming verification. i 
RST 

Reset input. A high on this pin for two machine cycles while die 
oscillator is running resets the device. 

aleMog 

Address Latch Enable is an oittput pulse for latching the low 
byte of the address during access es to ex ternal memory. This pin 
is also the pro-am pulse ii^t (PROG) during Flash program- 
ming. 

In normal operation, ALE is emitted at a constant rate of 1/6 
the oscillator frequency and may be used for external timing or 
clocking purposes. Note, however, that one ALB pulse is 
skipped during each access to external data memory. 
If desired, ALE operation can be disabled by setting bit of SFR 
location 8EH. With the bit set, ALE is active only during a 
MOVX or MOVC instruction. Otherwise, the pin is weakly 
pulled high. Setting the ALE-disable bit has no effect if the mi- 
crocrontroUer is in external execution mode. 
fSEN 

Program Store Enable is the read strobe to external program 
memory. 

When the AT89 LV52 is executing code from external program 
memory , PSEN is activated twice each machine cycle, except 
that two PSEN activations are skipped during each access to ex- 
-t^n^ljtomeoiiQiy. 

(continued) 



Pin Description (Continued) 

EAA'pp 

External Access Enable. EA must be strapped to GND in order 
to enable the device to fetch code from external program mem- 
ory locations starting at OOOOH up to FFFFH. Note, however, 
that if lock bit 1 is prp^tmiined, EA will be l^^^^j^tied on 
reset. 

EA should be strapped to Vcc for internal program executions. 
This pin also receives the 12-voIt programming enable voltage 
(Vpp) during Flash programming when 12-volt programming is 
selected. 
XTALl 

Input to the inverting oscillator amplifier and input to the inter- 
nal clock operating circuit. 

XTAL2 > , 

Output from the inverting oscillator amplifier. 



Special Function fieglsters - ^ 

A map of the on-chip memory area called the Special Ftmction 
Register (SFR) space is shown in Table 1 . 
Note that not all of the addresses are occupied, and unoccupied 
addresses may not be implemented on the chip. Read accesses to 
these addresses will in general return random data, aod write 
accesses will have an indeterminate effect. 
tJser software should not write Is to these unlisted locations, 
since they may be used in future pro4ucts to inyoke new fea- 
tures. In that case, the iBset or inactive 
always be 0. 

Timer 2 Registers Control and status bits are contained in reg- 
isters T2C0N (shown in Table 2) and T2M0D (shown in Ta- 
ble 4) for Timer 2. The regist» pair (RCAP2H, RCAP2L) are 
the C^tute/Reioad re^sters for Timer 2 in 16-bit capture mode 
or 16-bit auto-teload mode. (continued) 
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00000000 
































ACC 
00000000 
































r O VV 

00000000 
















T2CON 
00000000 


xxxxxxoo 


RCAP2L 
00000000 


00000000 


TL2 
00000000 


TH2 
00000000 






















IP 

xxoooooo 
















P3 

11111111 
















IE 

0X000000 
















P2 
11111111 
















SCON 
00000000 


SBUF 

xxxxxxxx 














PI 

11111111 
















TCON 
00000000 


TMOD 
00000000 


TLO 
00000000 


TL1 
00000000 


THO 
00000000 


TH1 
00000000 






PO 

11111111 


SP 
00000111 


DPL 
00000000 


DRH 
00000000 








oxxxoooo 



0F8H 



AT89LV52 




AT89LV52 



Table 2. T2CON— Timer/Counter 2 Control Rep^ter , ^ j 

T2CON Address = 0C8rt ' l^^i^yalM* = OdjBtfbOOO^ 

... Bit Addressable 



TF2 


EXF2 


RCLK 


TCLK 


EXEN2 


TR2 


cm 


CP/RL2 


7 


6 


5. 


4 


3 


2 


1 






Symbol 


Function 


TF2 


Timer 2 overfiow flag set by a Timer 2 overflow and must be cleared by software. TF2 will not be 

<!Pt whpn pithpr RCLK - 1 or TCLK - 1 


EXF2 


Timer 2 external flag set when either a capture or reload is caused by a negative transition on 
T2EX and EXEN2 = 1 . When Timer 2 interrupt is enabled, EXF2 = 1 will cause the CPU to vector 
to the Timer 2 interrupt routine. EXF2 must be cleared by software. EXF2 does not cause an 
internjpt in up/down counter mode (DCEN = 1). 


RCLK 


Receive clock enable. Wfien set, educes the serial port to use Timer 2 overflow pulses for its 
receive clock in serial port fi^ode^T and 3. RCLK = causes Timer 1 overflow to be used for the 

receive clock. 


TCLK 


Transmit clock enable. When set, causes the serial port to use Timer 2 overflow pulses for its 
transmit clock in serial piprt.Mpdes '\ §|id 3. TCLK •= Causes tWsei'l evetflows fO'be us^id fof the 
transmit clock. • ' . 


EXEN2 


Tthier 2 external enebTe. When set, allows a capture or reload to occur as a nesult of a«iegative ^ 
transition on T2EX if Timer 2 is not being used to clock the seiial port EXEN2.=< cauaes.TimerS 
to ignore events at T2CX. ■ ' • 


TR2 


Start/Stop copti;Ql for Timer 2. TR2 = 1 starts the timer. 


cm 


Timer or counter select for Timer 2. C/T2 = for timer function. C/T2 = 1 for external event 
counter (falling edge triggered). 


cpM3 


Capture/f^eload select. CP/RL2 = 1 causes captures to occur on negative transitions at T2EX if 
EXEN2 = 1. CP/RL2 = causes automatic reloads to occur when Timer 2 overflows or negative 
transitions occur at T2EX when EXEN2 = 1 . When either RCLK or TCLK = 1 , thisi)it is ignored 
and- the timer Is forced to auto-reload on Timer 2 overflow. ' 



Special Function Regi^ers (Continued) 

Interrupt Registers The individual interrupt enable bits are in 
the IE register. Two priorities can be set for eacfi of tfie six inter- 
rupt sources in the IP register. 



Data IMemory 

The AT89LV52 implements 256 bytes of on-chip RAM. The 
upper 128 bytes occupy a parallel address space to the Special 
Function Registers. That means the upper 128 bytes have the 
same addresses as the SFR space but are physically separate ' 
from SFR space. 

When an instruction accesses an internal location above address 
7FH, the address mode used in the instruction specifies whether 
the CPU accesses the upper 128 bytes of&AMortbeSFRspace. 
Instructions that use direct addressiilg a&cess'SM ^ace. 



For example, the following direct addressing instruction ac- 
cesses the SFR at location OAOH (which is P2). 
MOV OAOH, #data 

Instructions that use indirect addressing access the upper 128 
bytes of RAM. For example, the following indirect addressing 
instruction, where RO contains OAOH, accesses the data byte at 
address OAOH, rather than P2 (whose address is OAOH). 
MOV@R0,#data 

{{ote that stac^ opeiatio^ sk exmp^ ctf indasBct addressings 
so die nppet 1 28 bytes of data RAM are avail:d>ie as stack space. 



.IPGTA 



Timer and 1 

fTimer and Tji^r U^.tb^AT89Ly5? ^ 
Timer and 'rimer 1 in & ATOEVsf. 



Timer 2 

Timer 2 is a 16-bit Timer/Counter that can operate as either a 
timer or an event counter. The type of operation is selected by 
bit C/T2 in the SFR T2CON (shown in Table 2). Timer 2 has 
three operating modes: capture, auto-reload (up or down count- 
ing), and baud rate generator. Thes^mpcl^i^iiide^t^byJn^^O' 
T2CON, as shown in Table 3. 

Timer 2 consists of two 8-bit registers, TH2 and TL2. In the 
Timer function, the TL2 register is incremented every machine 
cycle. Since a machine cycle consists of 12 oscillator periods, 
the count rate is 1/12 of the oscillator frequency. 
In the Counter function, the register is incremented in response 
to a 1-to-O transitioniatitB'Conesponding external input pin, T2. 
In thi«'ftui&tit)n, the external iiipW is s^pled daring SSP2 of 
every machine cycle. When the samples show a high in one cy- 
cle and a low in the next cycle, the count is incremented. The 
new count value appears in the register during S3P1 of thei 
following the one in which the transition was detected. I 
two machine cycles (24 oscillator periods) are required to recog- 
nize a 1-to-O transition, the maximum count rate is 1/24 of the 
oscillator frequency. To ensure that a given level is sampled at 
least once before it changes, the level should be held for at least 
one full machine cycle. 

Tables. Timer 2 Operating Modes , . 
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16-Bit Auto-Reload 
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Figure 1. Timer 2 in Capture Mode 
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Capture Mode 

jate the same way as In the capture mode, two options are selected by bit EXEN2 in 
T2CON. If EXEN2 = 0, Timer 2 is a 16-bit timer or counter 
which upon overflow sets bit TF2 in T2CON. This bit can then 
be used to generate an interrupt If EXEN2 — 1, Timer 2 per- 
forms the same operation, but a 1-to-O transition at external input 
T2EX also causes the current value in TH2 and TL2 to be cap- 
tured into RCAP2H and RCAP2L, respectively. In addition, the 
transition at T2EX causes bit^XF2 in T2C0N to be set. The 
EXF2 bit, like TF2, can generate an interrupt The captuie mode 
<^ is illustrated in Figure 1 . 

Auto-Reload (Up or Down Counter) 

Timer 2 can be programmed to count up or down when config- 
ured in its 16-bit auto-reload mode. This feature is invoked by 
the DCEN (Down Counter Enable) bit located in the SFR 
T2MOD (see Table 4). Upon reset, the DCEN bit is set to so 
that timer 2 will default to count up. When DCEN is set. Timer 2 
can count up or down, depending on the value of the T2EX pin. 
Figure 2 shows Timer 2 automatically counting up when 
DCEN = 0. In this mode, two options are selected by bit EXEN2 
• in T2CON. If EXEN2 = 0, Timer 2 counts up to OFFFFH and 
then sets the TF2 bit upon overflow. The overflow also causes 
the timer registers to be reloaded with the 16-bit value in 
RCAP2H and RCAP2L. The values in RCAP2H and RCAP2L 
are preset by software. If EXEN2 = 1 , a 16-bit reload can be 
triggered either by an overflow or by a 1-to-O transition at exter- 
nal input T2EX. This transition also sets the EXF2 bit. Both the 
TF2 and EXF2 bits can generate an interrupt if enabled. 
Setting the DGEN Wt e^aBle^'nirier' 2 Wcount up or down, as 
shown in Figure 3. In this mode, the T2EX pin controls the di- 
rection of the count. A logic 1 at T2EX makes Timer 2 count up. 
The timer will overflow at OFFFFH and set the TF2 bit. This 
overflow also causes the 16-bit value in RCAP2H and RCAP2L 
to be leioaded into the timer registers, TH2 and TL2, 
»«W*^<%- (continued) 
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Auto-Reload (Up or Down Counter) (Continued) 



•T f rttin'-' 



A logic at T2EX makes Timer 2 count down. The timer under- 
flows when TH2 and TL2 equal the \ alues stored in RCAP2H 
and RCAP2L. The underflow sets the TF2 bit and causes 
OFRFEH to be reloaded into the timer registers. j 



The EXF2 bit toggles whenever Timer 2 overflows or under- 
flows and can be used as a I7th bit of resolution. In this operat- 
ing mode, EXF2 does not flag an intetnipt 



Figure 2. Timer 2 Auto Reload Mode (DCEN = 0) 



osc 




-5-12 









T2PIN 




TH2 



TZEXPIN □ » 



EXEN2 



CONTROL 



TL2 



A A 









RCAP2H 


RCAP2L 



OVERFLOW 



TIMER 2 
IhfTERRUPT 



TF2 



EXF2 




Table 4. T2MOD— Tuner 2 Mode Control Register 



T2MOD Address = 0C9H 
Not Bit Addressable 



R^et Vaiiie = XXXX Xmm 

















T2bE 


DCEN 


Bit 


7 


6 


5 


4 


3 


2 


1 






Symbol 


Function 






Not implemented, reserved for future use. 




T20E 


Timer 2 Output Enable bit. 




DCEN 


When set, this bit allows Timer 2 to be configured as an up/down counter. 
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Figure 3. Timer 2 Auto Reload Mode (DCEN = 1) 
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F%iiie4. Timer 2 in Baud Rate GenctalwMife 
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Baud Rate Generator 

Timer 2 is selected as the baud rate generator by setting TCLK 
and/or RCLK in T2CON (Table 2). Note that the baud rates for 
transmit and receive cad be different if Timer 2 is used for the 
receiver or transmitter and Timer 1 b used for die 0(ba Amotion. 
Setting RCLK and/pr TCLK puts llinra^ 2 into its band rate gen- 
erator mode, as shown in Figure 4i 

The baud rate generator mode is similar to the auto-reload mode, 
in tliat a rollover in TH2 causes the Timer 2 registers to be re- 
loaded with the 1 6-bit value in registos RCAP2H and RCAP^, 
which are preset by software. 

The baud rates in Modes I and 3 are determined by Timer 2's 
overflow rate according to the following equation. 

»»j 1 JO'S ji... Tinier 2 Overflow Rate 
Modesl and 3 Baud Rates = rr 

10 

The Timer can be configured for either timer or counter opera- 
tion.Jn most applications, it is configured for timer operation 
(CP/T2 = 0). The timer operation is different for Timer 2 when 
it is used as a baud rate generator. Normally, as a timer, it incre- 
ments every machine cycle (at 1/12 the oscillator frequency). As 
a baud rate generator, howevo-, it inctonraits evoy state time (at 



1/2 die oscillator fiequency). 1be>9ld4sat@ fanBidaiis sivpn-^ 
low. 

Modesl and 3 Oscillator Frequency 

Baud Rate ~ 32 x [65536 - (RCAP2H, RCAP2L)] 

where (RCAP2H, RCAP2L) is the content of RCAP2H and 
RCAP2L taken as a 16-bit unsigned integer. 
Timer 2 as a baud rate generator is shown in Figure 4. This fig- 
ure is valid only if RCLK or TCLK = 1 in T2CON. Note that a 
rollover in TH2 does not set TF2 and will not generate an inter- 
rupt. Note too, that if EXEN2 is set, a 1-to-O transition in T2EX 
will set EXF2 but will not cause a reload from (RCAP2H, 
RCAP2L) to (TH2, TL2). Thus when Timer 2 is in use as a baud 
rate generator, T2EX can be used as an extra external interrupt. 
Note that when Timer 2 is running (TR2 = 1) as a timer in the 
baud rate generator mode, TH2 or TL2 should not be read from 
or written to. Under these conditions, the Timer is incremented 
every state time, and the results of a read or write may not be 
accurate. The RCAP2 registers may be read but should not be 
written to, because a write might overlap a reload and cause 
write and/or reload errors. The timer should be turned off (clear 
TR2) before accessing the Timer 2 or RCAI>2 registers. 



Figures. Timer 2 in Clock-Out Mode 
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Programmable' Clock out • - r> - " 

A 509^ duty cycle clock can be programmed to come out on 
PI .0, as shown in Figure 5. This pin, besides being a regular I/O 
pin, has two alternate functions- It can be programmed to input 
the external clock for Timer/Counter 2 or to output a 50% duty 
cycle clock ranging from 61 Hzto^MHz ata 12MHzqpcx^j 
frequency. 

To configure the Timer/Counter 2 as a clock generator, bit C/T2 

(T2CON. 1 ) must be cleared and bit T20E (T2MOD. I ) must be 

set. Bit TR2 (T2CON.2) starts and stops the timer. 

The clock-out frequency depends on the oscillaUx frequency 

and the reload value of Timer 2 capture te^iieis ,S(CAP2^ 

RCAP2L), as shown in the following equation. 

, „ „ Oscillator Frequency 
Clock— Out Frequency = ^ * 

Altu ■ ■■ ..■ 1' . ■■ ' . 

In the clock-out mode. Timer 2 toll-overs will not generate an 
interrupt. This behavior is siAilar to when Timer 2' is used as a 
bmldi-rate gearaStor. It is possible to use Timer 2 as a baud-«ate 
generator and a dieck ge(ierat(>r>simul@iieously ; Notg^'hawever, 
that the baiid^ate and dlo^k-ont'fireqileaeies eainidt be' ^[it- 
mined independently from one another since th^ both use 
RCAP2HandRCAP2L. 

UART 

The UART in the AT89LV52 operates the same way as the 
UART in flie AT89LV51. 

: :" c?:,.^ 

Interrupts 

The AT89LV52 has a total of six interrupt vectors: two external 
interrupts (INTO and INTl), three timer interrupts (Timers 0, 1, 
and 2), and the serial port interrupt. These interrupts are all 
shown in Figure 6. 

Each of these interrupt sources can be individually enabled or 
disabled by setting or clearing a bit in Special Function Register 
IE. IE also contains a global disable bit, EA, which disables all 
interrupts at once. 

Note that Table 5 shows that bit position IE. 6 is unimplemented. 
In the AT89LV5 1 , bit position IE. 5 is also unimplemented. User 
software should not write Is to these bit positions, since they 
may be used in future AT89 products. 

Timer 2 interrupt is generated by the logical OR of bits TF2 and 
EXF2 in register T2CON. Neither of these flags is cleared by 
hardware when the service routine is vectored to. In fact, the 
service routine may have to determine whether it was TF2 or 
EXF2 that generated the interrupt, and that bit will have to be 
cleared in software. 

The Timer and Timer 1 flags, TFO and TFI, are set at S5P2 of 
the cycle in which the timers overflow. The values are then 
polled by the circuitry in the next cycle. However, the Taasi 2 
flag, TF2, is set at S2P2 and is polled in the same cycle in which 
the timer oversows. 



Tables. Interrupt Enable (IE) Register 



(MSB) 



(LSB) 



EA 




ET2 


ES 


ETl 


EXl 


ETC 


EXO 



Enable Bit = 1 enables the interrupt. 
Enable Bit = disables the interrupt. 



Symbol 


Position 


Function 


EA 

^ 0... , 


fM.f'^ ■■ 


Disables all interrupts. If 
EA = 0, no interrupt is 
acknowledged. If EA = 1 , each 
interrupt source is individually 
enabled or disabled by setting or 
clearing its enable bit. 




m.6 


Reserved. 


ET2 


IE.5 


Timer 2 Interrupt enable bit. 


ES 


IE.4 


Serial Port interrupt enable bit. 


ETl 


IE.3 


Timer 1 inten-upt enable bit. 


EXl 


IB.2 


External Interrupt 1 enable bit. 


BTO 


B.1 


Timer irrterrupt enable bit. 


EXO 


lE.O 


External interrupt enable bit. 


User software should never write 1s to unimplemented 
bits, because Ihey may be used in future AT89 
products. 
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Figure 6. Intnrupt Sources 
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Oscillator Characteristics 

XTALl and XTAL2 are the input and output, respectively, of an 
inverting amplifier that can be configured for use as an on-chip 
oscillator, as shown in Figure 7. Either a quartz crystal or ce- 
ramic resonator may be used. To drive the device from an exter- 
nal clock source, XTAL2 should be left unconnected while 
XTALl is driven, as shown in Figure 8. There are no require- 
ments on the duty cycle of the external clock signal, since the 
input to the internal clocking circuitry is through a divide-by- 
two flip-flop, but minimum and maximu m wM^^^^^ 
Time specifications must be observed. 



Idle Mode 

In idle mode, the CPU puts itself to sleep while all the on-chip 
peripherals remain active. The mode is invoked by software. 
The content of the on-chip RAM and all the special functions 
registers remain unchanged during this mode. The idle mode can 
be terminated by any enabled interrupt or by ahaif)wai;e re^t. 
Note that when idle mode is termiBated>by abardwai^ ics^ ttf .. 
device noniE^ resumes program execudon from w^m it 
off, up to two machine cycles before die intranal reset algorithm 
takes control. On-chip hardware inhibits access to internal RAM 
in this event, but access to the port pins is not inhibited. To 
eliminate the possibility of an unexpected write to a port pin 
when idle mode is terminsittd by a aeset, the instruction follow- 
ing the one that invokes idle mode should not write to a port pin 
or to external memory. ' 

Power Down Mode 

In the power down mode, the oscillator is stopped, and the in- 
struction that invokes power down is the last instruction exe- 
cuted. The on-chip RAM and Special Function Registers retain 
their values until the power down mode is terminated. The only 
exit from power down is a hardware reset. Reset redefines the 
SFRs but does not change the on-chip RAM. The reset should 
not be activated before Vcc is restored to its normal operating 
level and must be held active long enough to allow the oseilUfor 
to restart and stabilize. 
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flgore 8. Bxlemal Clock Drive Configuration ' 
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Status of External Pins During Idle and Power Down 



Mode 


Program Memory 


ALE 


PSEN 


PORTO 


P0RT1 


PORT2 


PORT3 


Idle 


Internal 


1 
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Data 


Data 


Data 


Data 


Idle 


External 
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Float 


Data 


Address 


Data 


Power Dow/n 


Internal 








Data 


Data 


Data 


Data 


Power Down 


External 








Float 


Data 


Data 


Data 
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Program Memory Lock Bits »"-^-» 

The AT89LV52 has three lock bits that can be left unpro- 
grammed (U) sg: can be programmed (P) to obtain the additional 
features listed in the following table. 

When lock bit 1 is programmed, the logic level at the EA pin is 
sampled and latched during reset If the device is powered up 



without a reset, tlie latch initializes to a random value and holds 
that value until reset is activated. The latched value of EA must 
agree with the current logic level at that pin in onl^ for thejier 
vice to function properly. 



Lock Bit Protection IModes 





Program Lock Bits 








LB1 


LB2 


LB3 


Protection Type 


1 


U 


U 


U 


No program lock features. 


2 


P 


u 


U 


Move instructions executed from external^rpgram memory are disabled from 
fetching code bytes from internal memory, EA is sampled and latched on reset, and 
further programming of the Flash memory is disabled. 


3 


P 


p 


u 


Same as mode 2, but verify is also disabled. 


4 


P 


p 


p 


Same as mode 3, but external execution is also disabled. 



Programming the Flash 

The AT89LV52 is normally shipped with the on-chip Flash 
memory array in the erased stale (that is. contents = FFH) and 
ready to be programmed. The programming interface accepts 
either a high- voltage (12- volt) or a low- voltage (Vcc) program 
enable signal. The low voltage programming mode provides a 
convenient way to program the AT89LV52 inside the user's 
system, while the high-voltage programming mode is con^at- 
ible with conventi$wd thbd party Flash or EPRCQ^ pwgtiBli - 
mers. 

The AT89LV52 is shipped with either the high-voltage or low- 
voltage programming mode enabled. The respective top-side 
marking and devid^' sftgnMure codes s^ lif^tettt MeiWjiB 
table. 



Vpp = 12V Vpp = 5V 


Top-Side Mark 


AT89LV52 

xxxx 

yyww 


AT89LV52 
xxxx-5 

yyww 


Signature 


(030H)=1EH 
(031H)=62H 
(032H)=FFH 


(030H)=1EH 
(031H)=62H 

(032H)=05H 



The AT89LV52 code memory array is ptogratimied byte-by- 
byte in either programming mode. To program any non-blank 
byte in the on-chip Flash Memory, the entire memory must be 
erase^ using the Chip Erase Mode. 

Progranuning Algorithm: Before programming the 
ATS9LVS2, the address, data and control signals should be set 
up according to the Flash programming mode table and Figures 
9 and 10.' To program tii^ AT89LV52, take the foltewing steps. 

1 . Input the desired memory location on the address lines. 

2. Input the appropriate data byte on the data lines. 



3. Activate the correct combination of control signals. 

4. Raise EAA^pp to 12 V for the high-voltage programming 
mode. 

5. Pulse ALE/PROG once to program a byte in the Flash 
array or the lock bits. The byte-write cycle is self-timed and 
typically takes no more than 1.5 ms. Repeat steps 1 
through 5, changing the address and data for the entire array 
or until the end of the object file is reached. 

Data Polling: The AT89LV52 features Data Polling to indicate 
the end of a write cycle. During a write cycle, an attempted read 
of the last byte written will result in the complement of the writ- 
ten data on P0.7. Once the write cycle has been completed , true 
data is valid on all outputs, and the next cycle may begin. Data 
Pollil^msjr be^n any tee tifta-'i Write cym has IKettftitiated. 

Ready/Busy: The progress of byte programming can also be 
monitored by the RDY/BSY output signal, P3.4 is pulled low 
after ALE goes high during programming to indicate BU,SY. 
P3.4 is pulled high again when programming is done to indicate 
READY. 

Program Verify: If lock bits LB 1 and LB2 have not been pro- 
grammed, the programmed code data can be read back via the 
address and data lines for verification. The lock bits cannot be 
verified direcdy. Verification of the lock bits is achieved by ob- 
serving that their features ate enabled. 
Chip Ei^: iThe entire Flpsh miy is erased electrically by 
using the pro per combjj^^j{in erf control signals and by holding 
ALE/PROO low for 10 ms. "hterade array is written with all Is. 
The chip erase operation must be executed before the code 
memory can be reprogranmied. 

Reading the Signature ^ta: The signature bytes are read by 
the same procedure as a normal verification of locations 030H, 
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Programming the Fiasb (Continued) 

03 1 H, and 032H, except that P3.6 and P3.7 must be polled to a 
logic low. The values Tetarn^d'aie as follows. 

(030H) = lEH indicates manufactured by Atmet 

(031H) = 52H indicates 89LV52 
P (032H) = FPH indicates 1 2 V programming 

(032H) = 05H indicates 5 V programming 

Flash Programming IVIodes 



Programming Inleflaee . .. ^ 

Every code byte in the Flash array can be written, and the entile 
array can be erased, )>y usiog'the i^ipropriate combination of 
control signals. The mite operation cycle is self-timed and once 
initiated, will automatically time itself to completion. 
All major programming vendors offer worldwide support for the 
Atmel microcontroller series. Please contact your local pro- 
gi^iW^g vradf>r|^0ie appro^iate software revision. 



Mode 


RST 


PSEN 


ALE/ 
PROG 


EA/ 
Vpp 


P2.6 


P2.7 


P3.6 


P3.7 


Write Code Data 


H 


L 




H/12V<^' 


L 


H 


H 


H 


Read Code Data 


H 


■k 


H 




L 


L 


H 


H 


write Lock Bif-I 




L 






H 


' H 


H 


H 


Bit -2 


H 


L 


(2) 


H/12V 


H 


H 


L 


L 


Bit-3 


H 


■ L 




H/12V 


H 


L 


H 


L 


"cFTlpE^e' ' ' 




~"L- 




H/12V 




' " L 


L 


L 


Read Signature Byte ''' 


. H 


.- L- ■ ■' 




H 


L 


L 


L 


L 



INoles: 1. The signature byte at location 032Hdesi^iates whether Vpp 2. CtipBrase requires a 10 ms PROG pulse, 
i - = 12 V or Vpp= S V sbouldbeusedtoenaUe 

pruisrainminB. _ . - 



F1giire9. Programmingfli&F^'iEG^C^IfnniinflOl^ 



hSV 
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ADDR. 



M-A7 



OOOOH/1FFFH 



SEE FLASH 
PROGRAMMING 
MODES TABLE 




Flash Programming and Verification Characteristics 

Ta = 21 °e to Vcc = 5.0 ± 1 0% " 



Symbol 


Parameter 


Min 


Max 


Units 




Programming Enable Voltage 




; 123 


V 


1^(1)- 


Programming Enable Current 




25 


TTl 

HA 


1ACLCL 


Oscillator Frequency 


4 


12 


MHz 


tAVGL 


Address Setup to PROG Low 


48tcLCL 






tGHAX 


Address Hold After PROG 


48tCLCL . 






tDVGL 


Data Setup to PROG Low 








tGHDX 


Data Hold Atter PROG 


48tCLCL 






tEHSH 


P2.7 (ENABLE) High to Vpp 


48tCLCL 






tSHGL 


Vpp Setup to PROG Low 


10 






tGHsJ^' 


Vpp Hold After PRO© 






US 


tGLGH 


PROG Width 


1 


110 


^s 


tAVQV 


Address to Data Valid 




48tCLCL 




ta.Qv 


ENABLE Low to Data Valid 




48tCLCL 




tEHQV 


Data Float After ENABLE 





48tCLCL 




tGHBL 


PROG High to BUSY Low 




1.0 


JiS 


twc 


Byte Write Cycle Time 




2.0 


ms 



Note: 1 . Only used in 12- volt programming mode. 
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Flash Programming and Verification Waveforms - High Voltage Mode 



P1.0-P1.7 
P2.0-P2.4 

PdfTf 6 



ALE/PROG 

EAA/pp 
P2.7 



(ENABUE) 

P3.4 
(RDY/BSY) 



Wgl 



tsHQL 



PROGRAMMING 



ADDRESS 



DATA IN 



toVGL toHDX 

A 



-toLGH * 



Vpp 



toHBL" 



VERIFICATION 



•qhax 



Ighsl 
\ LOGIC 1 



LOGICO 



tELQV- 



ADDR ESS ~> 

— Wqv 



DATA OUT > 



■ tEHQZ 



BUSY ) ( READY 

- twe 



Flash Programming and Verification Waveforms - Low Voltage Mode 

PROGRAMMING 



PI .0- PI .7 
P2.0 - P2.4 

PORTO 



ALE/PROG 

EA/Vpp 
P2.7 



(ENABLE) 

P3.4 
(RDY/BSY) 



Wgl 



tsHQL 



/////////////7 



ADDRESS 



DATA IN 



-tOLGH- 



-tEHSH 



VERIFICATION 
ADDRESS "'^> -S^ 

" Wqv 



tcHAX 



LOGIC 1 



LOGICO 

'elqv - 



DATA OUT y 



Iehcjz 



BUSY 
- two ~ 



READY 



Absolute Maximum Ratings* 





,, -55°Cto+125°C 






Voltage on Any Pin 




with Respect to Ground 


-1.0 V to +7.0 V 


Maxlnnum Operating Voltage .... 


6.6 V 


DC Output Current..... 


„ ....15.0 mA 







*N0T1CE: Stresses beyond those listed under "Absolute Maximum 
Ratings" may cause permanent damage to the device. This is a 
stress rating only and functional operation of the device at these 
or any other conditions beyond those indicated in the operational 
sections of this specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect de- 
vice relialrility. 



D.C. Characteristics 

The values shown in this table are valid for Ta = -40°C to 85°C and Vcc = 5.0 V ± 20%, linless otherwise noted. 



Symbol 


Parameter 


Condition 


Mm 


Max 


Units 


V|L 


Input Low Voltage 


(Except EA) 


-0.5 


0.2 VcC-0.1 


V 


ViLI 


Input Low Voltage (cA) 




-0.5 


ft ft \ / _ ^ r\ n 

0.2 VcC-0.3 


V 


VlH 


Input High Voltage 


(except XTAL1 , RST) 


0.2 VCC■^0.9 


Vcc-i-0.5 


V 


VlHI 


Input High Voltage 


(XTAL1 , RST) 


0.7 Vcc 


Vcc-^0.5 


V 


Vol 


Output Low Voltage*^' 

(Ports 1,2,3) 


l0L = 1.6 mA 




0.45 


V 


VOLI 


Output Low Voltaae*^' 
(Port 0, ALE, PSEN) 


lOL = 3.2 mA 




0.45 


V 




OutDut Hiqh Voltaqe 
(Ports 1,2,3, ALE, PSEN) 


lOH = -60 nA, Vcc = 5 V ± 10% 


2.4 




V 


VOH 


loH = -25 nA 


0.75 Vcc 




V 




IOH = -10nA 


0.9 Vcc 




V 




Output High Voltage 
(Port in BdematBus 
Mode) 


lOH = -800 (lA, Vcc = 5 V ± 1 0% 


2.4 




V 


VOHI 


lOH = -300 nA 


0.75 Vcc 




V 




IOH = -80nA 


0.9 Vcc 




V 


IlL 


Logical Input Current 

(Ports 1,2,3) 


V|N = 0.45 V 




-50 


HA 


iTL 


Logical 1 to Transition 
Current (Ports 1,2,3) 


ViN = 2 V 




-650 


HA 


Ili 


Input Leal<age Current 
(Port 0, EA) 


0.45 < V|N < Vcc 




±10 


HA 


RRST 


Reset Pulldown Resistor 




50 


300 


Kn 


ClO 


Pin Capacitance 


Test Freq. = 1 MHz, Ta = 25°C 




10 


PF 




Power Supply Current 


Active Mode, 12 MHz 




25 


mA 


Ice 


Idle Mode, 12 MHz 




6.5 


mA 


Power Down Mode'^' 


Vcc = 6 V 




100 


tiA 




Vcc = 3V 




40 





Notes: 1 . Under steady state (non-transient) conditions, Igl most 

be externally limited as follows: 
Maximum loLpor port pin; 10 mA 
Maximum loL per 8-bit port: 
Port 0:26 mA 
Ports 1,2, 3:15 mA 

Maximom total lOL for all output pins:71 mA 



If lOL exceeds the test condition, VOL may exceed the 
related specification. Pins are not guaranteed to sink 
current greater than the listed test conditioiis. 
2. Minimum Vcc for Power Down is 2 V . 
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A.C. Characteristics '_ , • , , rr* 

Under operating conditions, load capacitance for Port 0, ALE/PROG, and PSEN = 100 pF; ioad capacitance for all 
ottier outputs = 80 pF. 



External Program and Data Memory Characteristics 



Symbol Parameter 


12 MHz Oscillator 

Min Max 


Variable Oscillator 

Min Max 


Units 


1/tCLCL 


Oscillator Frequency 




12 


MHz 


tUHLL 


ALE Pulse Width 


127 


2tCLCL-40 


ns 


tAVLL 


Address Valid to ALE Low 


28 


tCLCL-25 


ns 


tLLAX 


Address Hold After ALE Low 


48 , 


tCLCL-25 


ns 


tuiv 


ALE Low to Valid Instruction In 


, 233 


4tCLCL-^ 


ns 


tLLPL 


ALE Low to PSEN Low 


43 


tCLCL-25 


ns 


tPLPH 


PSEN Pulse Width 


205 


3tCLCL-45 


ns 


tpuv 


PSEN Low to Valid Instruction In 


145 


3teLCL-60 


ns 


tpxix 


Input Instnjction Hold After PSEN 








ns 


tPXIZ 


Input Instnjction Float After PSEN 


59 


tCLCL-25 


ns 


tPXAV 


PSEN to Address Valid 


75 


tCLCL-8 


ns 


tAVIV 


Address to Valid instruction In 


312 


5tCLCL-80 


ns 


tPLAZ 


PSEN Low to Address Float 


■ 10 


10 


ns 


tRLRH 


RD Pulse Width 


400 


6tCLCL-100 


ns 


tWLWH 


WR Pulse Width 


400 


6tCLC5L-100 


ns 


tRLDV 


RD Low to Valid Data In 


252 


5tCLCL-90 


ns 


tRHDX 


Data Hold After RD 








ns 


tRHDZ 


Data Float After RD 


97 


2tCLCL-28 


ns 


tLLDV 


ALE Low to Valid Data In 


517 


8tCLCL-150 


ns 


tAVDV 


Address to Valid Data In 


585 


9tCLCL-165 


ns 


tLLWL 


ALE Low to RD or WR Low 


200 300 


3tCLCL-50 3tCLCL+50 


ns 


tAVWL 


Address to RD or WR Low 


203 


4tcLCL-75 


ns 


tQVWX 


Data Valid to WR Transition 


23 


tCLCL-30 


ns 


tQVWH 


Data Valid to WR Higfi 


433 


7tCLCL-120 


ns 


tWHQX 


Data Hold After WR 


33 


tCLCL-25 


ns 


tRLAZ 


RD Low to Address Float 








ns 


tWHLH 


RD or WR li!g|5, to,Al,p,Higb 


43 „ m . 


JclcLtSS Jca.CL+25^j 


ns 




External Program Memory Read Cycle^ oi; ' ^ 



ALE /'^ 



PSEN -3fi: / 



PORTO 



PC«T-2 



3C 



AO- A7 



. ji.-.. r- 



"X. 



AO - A7 y-<c~ 



A8-A15 



'1 JJ.-S 



External Data Memory Read Cyqie 



ALE 



PSEN 



m 



PORT O -~~y- (AO - A7 FROM Rl OR PPL > Q Q 



tuDV 



-'llax — I 

tpLAZ 



- tAVWL - 



UVDV 



tfiLDV 



7- 



tRHDZ 



(DATA IN) ^ (AO - A7 FROM PCLXINSTR IN 



PORT2 '^C >2.^-^r7^MN4^-A46FROMDf^ -'lilaiM^feMM^CM 
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External Data Memory (^le» . ,k iZfT oi o' ^ «=. : .1 w.a :py .n^l i?^.u9B 







« ILHLL 1 


ALE 







PSEN 



- Iavll- 



tLLWL - 



-tlLAX — 
tovwx ' 



POFTT >-| CA0 - A7 FROM Rl OR PPL ] ^ 

UvWL 



- twLWH - 



- 'qvwh - 



twHQX 



DATA OUT >O <A0 - A7 FROM PCLXiNSTR IN 



PORT.J2 )( R2.0 • P2.7 0R A8 - A15 FROM DPH X A8 - A15 FROM PCH T, - 

External dock Drlve-Wavefornls^ i 



0.45 V 




External Clock Drive 



Symbol 


Parameter 


Min 


Max 


: Units 


1/tCLCL 


Oscillator Frequency 





12 


MHz 


tCLCL 


Clock Period 


83.3 




ns 


tCHCX 


High Time 


20 




ns 


tCLCX 


Low Time 


20 




ns 


fCLCH 


Rise Time , ... 




20 




tCHCL 


Fall Time 




20 


ns 



Serial Port Timing: Shift Register Mode Test Conditions 

The values in this table are valid for Vcc = 5.0 V ± 20% and Load Capacitance = 80 pF. 



Symbol 


Parameter 


12MKlOsc 

MIn Max 


i -i- 
Vailable Oscillator 

Min Max 


Units 


tXLXL 


Serial Port Clock Cycle Time 


1.0 


12tcLCL 


US 


tOVXH 


Ou^ut Data Setup to Clock Rising Edge 


700 


10tCLCL-133 


ns 


tXHQX 


Output Data Hold After Clock Rising Edge 


50 


2tCLCL-33 


ns 


tXHDX 


Input Data Hold After Clock Rising Edge 








ns 


tXHDV 


Clocic Rising Edge to Input Data Valid 


. 700 


iotcLcL-i33 


ns 



Shift Register IMocle Timing Waveforms 

1 I 2 

UYIU 

h — 



INSTRUCTION 
ALE 



CLOCK 



.WRTTETOSBUF 



OUTPUT DATA 
I CL^RRI 



INPUT DATA 



|0|1l2|3|4|5|6|7|8| 




>@0<@0®0<®0<@NC><@0^®0^ 

SETRlt 



AC Testing Input/Output Waveforms Float Waveforms 



.<!) 



-0.5 V- 



0.45 V - 




0.2 Vcc + 0.9 V 
TEST POINTS 




Note: 1 . AC Inputs during testing are driven at Vcc - 0.5 V 

for a logic 1 aixl 0.45 V for a logic 0. Timing measure- 
ments are madb at Vih lidn. for a Ii^cl and Vil ni». 
foralogicO. 



Timlng Reference 
Points 



No^. 1 . For timing purposes, a port pin is no longer floating when a 
100-mV change from load voltage occurs. A port pin be- 
gins to float when a 100-mV change from the loaded 
VoH^OL level occun. 
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icc(mA) TYPICAL ICC (ACttVfe) at25°C 



24 

20. 
16 

12, 
8, 
4. 
0, 













VCC = 6.0V 
























VCCsS.OV 
























VCC = 3.0V 















12 .16 
F (MHz) 



20 24 



iCC (mA) 

4.8. 



4.0 

3.2 
2.4 
1.6 
0.8 

0.0. 



AT89LV52 

TYPICAL ICC (IDLE) at25°C 













VCC-6.0V 
























VCC:cS.OV 
























VCC = 3.0V 















12 
F (MHz) 



16 20 



24 




AT89LV52 

TYPICAL ICC vs. ^TA6E - POWER DOWN (SSX) 



20 

I 15 
C 

A 5 

















^^^^^^ • « 






'* * " ' 


( 

^ 1 



4.0V 5.0V 
Vcc VOLTAGE 



6.0V 



Ordering Information 



Speed 
(MHz) 


Power 
Supply 


Ordering Code 


Package 


Operation Range 


12 


2.7Vto6V 


AT89LV52-12AC 
AT89LV52-12JC 
AT89LV52-12PC 
AT89LV52-12QC 


44A 
44J 
40P6 
44Q 


Commercial 
(O-C to 70°C) 





Package Type 






44A 


44 Laad, Thin Plastic Gull Wing Quad HStpaekfrapg). 


40D6 


40 Lead, 0.600" Wide, Non-Windowed, Ceramic Dual Inline Pacte 


ge(Oeidip).. 




44J 


44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


44L 


44 Pad, Non-Windowed, Ceramic Leadless Chip Canier (LCC) 


40P6 


40 Lead, 0.600" Wide, Plastic Dual Inline Pacl<age (POIP) 


44Q 


44 Lead, Plastic Gull Wing Quad Flatpacl< (PQFP) 
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Features 

• Compatible with IMCS-SI^^ Products 

• 8 Kbytes of In-System Reprogrammable Downloadable Flash Memory 

SPI Serial Interface for Program Downloading 
Endurance: 1 ,000 Write/Erase Cycles 

• 2 Kbytes EEPROM 

Endurance: 100,000 Write/Erase Cycles 
e Fully Static Operation: Hz to 24 MHz 
e Three-Level Program Memory LocK ~ 

• 256 X 8-Bit Internal RAM 

• 32 Programmable I/O Lines ^ > 

• Three 16-Bit Timer/Counters 

• Nine Interrupt Sources 

• Programmable UART Serial Channel 

• SPI Serial Interface 

• Low Power Idle and Power Down Modes 

• Interrupt Recovery From Power Down 

• Programmable Watchdog Timer ^ 

• Dual Data Pointer ' ' 



s;. 



Description 



The AT89S8252 is a low-power, high-performance CMOS 8-bit microcomputer with 8 
Kbytes of Downloadable Flash programmable and erasable read only memory and 2 Kbytes 
of EEPROM. The device is manufactured using Atmel's high density nonvolatile memory 
technology and is compatible with the industry standard 80C5 1 instruction set and pinout. The 
on-chip Downloadable Flash allows the program memory to be reprogrammed in-system 
through an SPI serial interface or by a conventional nonvolatile memory programmer. By 
combining a versatile 8-bit CPU with Downloadable Flash on a monolithic chip, the Atmel 
AT89S8252 is a powerful microcomputer which provides a highly flexible and cost effective 
solution to many embedded control applications. 

The AT89S8252 provides the following standard feattu'es: 8 Kbytes of Downloadable Flash, 
2 Kbytes extended endurance EEPROM, 2S6 bytes of RAM, 32 I/O lines, programmable 
watchdog timer, two Data Pointers, three 16-bit timer/counters, a seven-vector two-level in- 
terrupt architecture, a full duplex serial port, on-chip oscillator, and clock circuitry. In addi- 
tion, the AT89S82S2 is designed with static logic for operation down to zero frequency and 
supports two software selectable power saving modes. The Idle Mode stops the CPU while 
allowing the RAM, timer/counters, serial port, and interrupt system to continue functioning. 
The Power Down Mode saves the RAM contents but freezes the oscillator, dis^Iing all otbet 
chip functions until the next interrupt or hardware reset. 

The Downloadable Flash can be changed a single byte at a time and is accessible through the 
SPI serial interface. Holding RESET active forces the SPI bus into a slave input mode and 
allows the program memory to be Written-from or Read-to unless Lock Bit 3 has b^n acti- 
vated. 



8-Bft 

Microcontroller 
with 8 Kbytes 
Downloadafa^ 
Flash 



Advance 
Information 



Pin Configurations 



PDIP/CerdIp 



(T2) P1.0 


c 


1 


(T2 EX) P1.1 


c 




P1 .2 


c 


3 


' ' ~ P 1 , S 


c 


4 


(88) PI .4 




5 


(MOSI) P1.S 


c 


a 


(MISO) PI. 6 


c 


7 


(SCK) P1.7 


c 


B 


RST 


c 


9 


(RXD) P3.0 


c 


10 


(TXO) P3.1 


c 


1 1 


{INTD)" P3.Z 


c 


12 


(INTTJ Pa. 3 


c 


13 


(TO) P3.4 


c 


14 


(T1) P3.5 


c 


1 S 


(WH)" P3.8 


c 


ie 


(Bff)" P8.7 


c 


17 


XTAL2 


c 


18 


XTAL1 


c 


19 


GND 


c 


20 



□ vcc 

□ PO.O (ADO) 

□ P0.1 (AD1) 
P0.2 (AD2) 

□ P0.3 (ADS) 

□ P0.4 (AD4) 

□ PO-5 (AD5) 
D PO.e (AD8) 

□ PO^.7 (AD7) 

□ EA/ VPP 

3 ALE/FROQ 
3 PSEN 

□ P2.7 (A16) 
D P2.e (AM) 
3 P2.S (A13) 

□ P2.4 {A12) 

□ P2.3 (A1 1) 

□ P2.2 (AlO) 

□ P2.1 {A9) 

□ P2.0 (A8) 



PLCC/LCC 



(MOSI) PI. 5c 7 

(Mtso) pi.er 8 

(SCK) P1.7C 9 

BST C 10 
(RXD) P3.0 □ 1 1 
NC II 12 
(TXD) Pa.l C 13 

(itmjy PS.2C 14 

(INTTf P8.8 C 15 
(TO) P8.4 C 1 8 



*'38 IiPO.4 (AD4) 
38 DP0.5 (AD5) 
37 □ PO,e (ADB) 
36 □ PO^.7 (AD7) 
35 □ EA/VPP 
34 H NC 

33 3 ALE/P ROG 
32 JPStH - 
,8t 3P2.7 (A15f 
30 ZJPZ.e (A14} 



(T1) PSjSC 17to 21 23 25 ^72« ^ P2.5 (A1») . 
1 8 "20" 22^ _ 2 4 26 - ^ 28 

UUtjfUULlD'LlULj'IJ 



m 



0, Q. Q. a. Q. 



I'll- 



IS* 



-.-.-.Hi ^KJV V 

1 s. j V '-01. »» 



PQFP/TCIFP 



t3v a.a.a.a.a.z>a.a.a 

\ nnnnnnrinnnn 



(MOSI) P1.5 C 1 

(MISO) PI. 8 C 2 

(SCK) PI .7 C 3 

RST C 4 

(RXD) P3,0 C 5 

NC C 8 

(T XD) P3.1 C 7 

(IN TO) P3.2 C B 

(INT1) P3,3 C 9 

(TO) pa. 4 C 1 

(T1) P»,5 C 11 



' "4.«41«»8?"«7»*86" 



12*''l4'-'lfl"ie "20'' '22 

uuuuuuuuuuu 



38 DP0.4 (AD4) 

32 DPO-S (ADS) 

31 ZlPO.8 (AOS) 

30 □PO^.r (ADT) 

29 □EA/VPP 

28 ZINC 

27 □ ALE/P HOO 

26 □PSEN 

25 □P2.7 (A1S) 

24 □P2.8 (A14) 

23 □P2.5 (Ala) 



9 o 0. a. 0. a. 0. 



fuT! i"hUol»vn.»Jleaam(.< ^ > 

. 1 let.' ■'-.tista H : I 
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piock Diagram 



PORT DRIVERS 



RAM AODR. 
REGISTER 



RAM 



B 






RB3ISTER 




ACC 







PORT 2 DRIVERS 



PORT 
LATCH 



PORT 2 
LATCH 



STACK 

pol^frER 



PSEN 
ALE/PROQ 
EA"/V„ — 
HST 



TIMING 
AND 
-*\ CONTROL 



INSTRUCTION 
REGISTER 



WATCH 
DOG 



INTERRUPT, SERIAL PORT, 
AND TIMER BLOCKS 



PORT 3 
LATCH 



PORT 3 DRIVERS 



PROGRAM 
ADDRESS 



-4 » 



► 



PC 

INCREMENTER 



4 ► 



PROGRAM 
COUNTER 



4 ► 



> DPTR 



PORT 1 
LATCH 



SPl 



4 



PROGRAM 
lOOIC 



PORT 1 DRIVERS 



M -TOm- mm 

T-T P3J)-P3.7 PIJ, - P3.7 



3-111 



Oixlering Information 



Speed 
(MHz) 


Power 
Supply 


Ordering Code 


Package 


Operation Range 


1 m " 


2.7 V ±10% 


AT89S8252-12AC 
AT89S8252-12JC 
AT89S8252-12PC 
AT89S8252-1 2QC 


44A 
44J 
40P6 
44Q 


Commercial 
(0°C to 70°G) 


AT89S8252-12AI 
AT89S8252-12JI 
AT89S8252-12PI 
AT89S8252-12QI 


44A 
44J 
40P6 
44Q 


Industrial 

(-4o°c to es-c) 


24 


5y±20% 

i 


AT89S8252-24AC 
AT89S8252-24JC 
AT89S8252-24PC 
AT89S8252-24QC 


44A 
44J 
40P6 
44Q 


Commeicial 
(D°C to 70°C) 


AT89S8252-24AI 
AX89S8252-24JI 
AT89S8252-24PI 
AT89S8252-24QI 


44A 
44J 
40P6 
44Q 


Industrial 
(-40?Cto85°C) 







I , 
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Package Type 


44A 


44 Lead. Thin Plastic Gull Wing Quad Flatpack (TQFP) 


44J 


44 Lead, Plastic J-Leaded Chip Carrier (PLCC) 


40P6 


40 Lead. 0.600" Wide, Plastic Dual Inline Package (PDIP) 


44Q 


44 Lead, Plastic Gull Wing Quad Flatpack (PQFP) 
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Microcontroller Product Information 



I 



General Architecture 



Microcontroller Data Sheets 



Microcontroller Application Notes 




Programmer Support/Development Tools 



Microcontroller Cross-Reference 



Package Outlines 




Miscellaneous Information 



8 
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Controlling FPGA Configuration with a Flash-Based Microcontroller 4-21 

Programming Atmel's Family of Flash Memories 4-29 
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Interfacing AT24CXX Serial EEPROMS with AT89CX051 MIcrooontiollers 4-39 
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Using a Personal Computer to Program 
the AT89C51/C52/LV51/LV^ei 0517C2051 



Introduction 

This application note describes a personal 
computer-based programmer for the 
AT89C5 1/C52/LV5 1/LV52/C1 05 1/C205 1 
Flash-based Microcontrollers. The program- 
mer supports all flash memory microcon- 
troller functions, including code read, code 
write, chip erase, signature read, and lock bit 
write. When ijsed with the AT89C51/C52/ 
LVSI/LV52, code write, chip erase; and 
lock bit write may be performed at either 
five or twelve volts, as required by the de- 
vice. 

Devices sporting a "-5" suffix are intended 
for operation at five volts, while devices 
lacking the suffix operate at the standard- 
twelve volts. 

The programmer connects to an IBM PC- 
compatible host computer through one of the 
host's parallel ports. Required operating volt- 
ages are produced by an integral power supply 
and extranal, wall-mounted transfoimer, , . 

Software 

Software for the programmer is availaUe by 
downloading it from the Awel BBS at 408- 
436-4309. 

The programmer is controlled by software 
running on the host. The AT89C51/C52 and 
C1051/C2051 have dedicated control pro- 
grams, which were written in Microsoft C. 
Pnigrams dedicated to the 
AT89LV51/LV52 do not exist; these de- 
vices are supported by the programs for the 
AT89C51/C52, respectively. In the text be- 
low, all references to the AT89C51/C52 
may be assumed to apply to the 
AT89LV51/LV52 as well. 
All programmer control programs are in- 
voked from the DOS command line by en- 
tering the program name followed by 
"LPTl" or "LPT2" to specify parallel port 
one or two, respectively. If the parallel port 
is not specified, the {^ogram will.j^p^^d' 



with an error message. The control pro- 
grams are menu-driven, and provide the fol- 
lowing functions: 

Chip Erase . > . a. . 

Clear code memory to all mfes. The sudfs^ss- 
ful operation of this Auction is not automat- 
ically verified. 

Pragram from File 

Write the contents of the specified file into de- 
vice memory. The user is prompted fbr the file 
name, which may require path and extension. 
The file is expected to contain binary data; 
hex files are not accepted. The first byte in 
the file is programmed into the first location 
in the device. Successive bytes are pro- 
grammed into successive locations until the 
last location in the deyi^^ h^ be?n ffo- 
grammed or until the data in the filq^J^ 
been exhausted. 

, n^og^gawiiiig occurs regaidl^s of the exist- 
ing contents of device memory; a blank 
cheiejc is pot automatically performed. After 
I prp£ram;^ing, the contents of device mem- 
pry, are not automatically, verified against 
the file data. 

Each programmed location in the device re- 
ceives the maximum programming, time 
specified in the data sheet Has is done be- 
cause timing is enfoip^^ software; the 
programming status information provided 
by DATA* polling and RDY/BSY* is not 
utilized. 

The control program provides no. visual in- 
dication that programming is in progress. 
The main menu is redisplayed when pro- 
gramming is complete. 

Verify agairlst File 

Compare the contents of code memory 
against the contents of the specified file. The 
user is protiipted for the file name, which 
■ fliay fanwe|jath and extension. 
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Hie file is expected to contain binary data; hex files are not ac- 
cepted. The first byte in the file is compared to the first location 
in the device. Successive bytes are compared to successive lo- 
cations until the last location in the device has been compared 
or until the data in the file has hem exhausted. 
Locations which fiul to compare are displayed by address, with 
the expected and actual byte contents. If there are no conq>aie 
failures, nothing is displayed. 

Save to File 

Copy the contents of device memory to the specified file. The 
user is prompted for the file name, which may require path and 
extension. The number of bytes in the resulting file is the same 
as the number ot memory locationsin the device^ 

Blank Cheek ■ ~ ■ 

Verify that the contents of device memory are all ones. Only 
pass or fail is reported; the addresses and contents of failing lo- 
cations are not displayed. |. ■noHitdf 

Read Signature 

Read and display the contents of the signature bytes. The num- 
ber of signature bytes and their expected contetts varies be^ 
tween devices. Refer to the device data sheet for additional in- 
formation. 

Write Lock Bit 1 
Write Lock Bit 2 
Write Lock Bit 3 

Set the indicated lock bit. Note that the AT89C105 1/C2051 
contain only two lock bits, while the AT89C51/LV51 and 
AT89C52/LV52 contain three lock bits. The state of the lock 
bits cannot be verified by direct observation. 

Exit 

Quit the progtamran control prognvn. 

System Dependency 

The control programs for the AT89C5 1 and AT89C52 come in 
two flavors: host system-dependent and host system-inde- 
pendent. System-dependency results from the use of software 
timing loops to enforce required delays, the duration of which 
will vary between host systems running at different speeds. The 
code provided was tested on an 80386-based system running at 
33 MHz, and may require modification for use on other sys- 
tems. Hiis method was chosen for its simplicity. 
Host system-indq)endence is achieved by using the Pro^ani- 
mable Interval Timer embedded in the system hardware to en- 
force time delays independent of system speed. The timer is tie- 
configured when the control program is invoked and restored to 
its original state before the program terminates. In order to guar- 
antee that the program is not exited before the timer configura- 
tion is restored, the CTRL-C and CTRL-BREAK keys are dis- 
abled. This means that the program cannot tie aborted except by 
specifying the exit option at the main menu or by rebooting the 
system. 

Hie timer control code is provided as an 8086 assembly lan- 
guage moiBtei whii^ is liidted Wi^ UteeoqE^^ 



gram. The granularity of the timer is 0.838 microseconds, but 
the minimum practical delay is system- and softwaie-depend- 
ent. The timer code ensures that the delay produced will not be 
of shorter duration than requested. 

The control programs provided for the AT89C1051/C2051 are 

system independent. 

Programmer 

The programmer circuitry (see Figures 1 and 2) consists of the 
host interface and switchable power supplies. The signal se- 
quencing and timing required for programming is generated by 
the host under software control . A 40-pin ZIF socket is provided 
for progranuning the AT89C5 1/C52; the 20-pin ZIP socket ac- 
commodates the AT89CI051/C2051. Note that the po^er and 
ground connections and bypass capacitors required TIL 
devices are not shown on the schematic. 
Power for the programmer circuitry and the AT89C51/C52/ 
C1051/C2051 is provided by a fixed five volt supply. A second 
supply provides either five or twelve volts, selectable, for use 
during programming. The addition of a transistor to the output 
of the variable supply provides a third level, ground, fof use 
when programming the AT89C 1 OS 1/C205 1 . 
The resistor values utilized & tbe variable power-supply circuit 
were determined using the equations presented in the LM317 
voltage regulator data Sheet Powex supply rmp rales aie ap- 
commodated by the host software, For.5 V-Vpp programming, 
the devices must be> (vdered fiom the factory as an AT89CX- 
XX-5 (not available with the AT89C1051/2051). 
The programmer is connected to the host with a 2S-conductor 
ribbon cable. To minimize the effect on signal integrity, the 
length of the cable should be as short as possible, preferably not 
exceeding three feet. 

Parallel Interface 

The original parallel interfa<% provided by IBM was probably 
not intended to support bidirectional data transfers. However, 
due to the way in which the interface was implemented, bidirec- 
tional transfers are possible. Over the years, many products 
have appealed which exploit this capability. 
Unfortunately, many system and interface cai4 manu&ctuiers 
have not faithfiiUy cloned the IBM design, resulting in bus con- 
tention when the peripheral attempts todrive return data into<the 
interface. Usually the peripheral drivers can overpower the in- 
terface drivers and the praiphefal works, thougb ^s is n$!t con- 
sidered a good desi^ practice. 

Most parallel interface are now itee^iemeateA in a single chip, 
sudh as the ^C41 1 or 16C452. These chips allow didr outpuit 
drivers to be disabled imder software control, providing true 
bidirectional operation. Hie programmer software automat- 
ically enables bidirectional- opec«aipn when used , with parallel 
interfaces utilizing the 82C41 1, ltiC4S2, or simikr chips. 

Note that these chips also possess a mode control pin which 
must be at the correct level to enable the directional control fea- 
ture. As a result, parallel interfaces nti^i% these chqis cannot 
be assumed to be bidirectional. 
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If the programmer writes devices, but fails to verify, or the sig- POST when the host ^step.B.powered up. Due to its simplic- 
nal levels at the interface don't meet TTL specifications, the ity, the parallel interface cannot be used as a printer interface, 
parallel interface may be incompatible with the programmer. A 
design is provided (see Figure 1 ) for a parallel interface which 
supports bidirectional operation and is compatible with the pro- 
grammer. This design is simple, requiring only six ICs. The in- 
terface can be strapped to appear as LPTl (addresses 378-37F 
hex) or LPT2 (278-27F hex) and will be recognized by the 
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Figure 1. AT89C Series Programmer Interface 




Note: 0.1 (iF^^passcapsonalllCs. 
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AT89C51 In-Circuit Programming 



This application note illustrates the in-cir- 
cuit programmability of the Atmel 
AT89C51 Flash-based microcontroller. 
Guidelines for the addition of in-circuit pro- 
grammability to AT89C51 applications are 
presented along with an application example 
and the modifications to it required to sup- 
port in-circuil programming. A method is 
then shown by which the AT89C51 micro- 
controller in the application can be repro- 
grammed remotely, over a commercial tele- 
phone line. The circuitry described in this 
application note supports five voll program- 
ming only, requiring the use of an 
AT89C51-XX-5. The standard AT89C51 
requires 12 volts for programming. 

The software for this application may be ob- 
tained by downloading from Atmel's BBS: 

(408) 436-4309. 

General Considerations 

Circuitry added to support AT89C51 in-cir- 
cuit programming should appear transparent 
to the application when programming is not 
talcing place. 

EA#A'PP must be held high during pro- 
grarmning. In applications which do not util- 
ize external program memory, this pin may 
be permanently strapped to Vcc- Applica- 
tions utilizing external program memory re- 
quire that this pin be held low during normal 
operation. 

RST must be held active during program- 
ming. A means must be provided for over- 
riding the application reset circuit, which 
typically asserts RST^Ifej^' lanMy ''dftea- ' 
power is applied. 

PSENV must be held low during prbgran^- 
miiig, but must not be driven daring normal 
operation. 

ALE/PROG# is pulsed low during program- 
ming, but must not be driven during normal 

operation. 

During programming, AT89C51 I/O ports 
are used for the application of mode select, 
addresses and data, possibly requiring that 
the controller be isolated from the applica- 
tion circuitry. How this is done is application 



dependent and will be addressed here only 
in general terms. 

Port Used for Input 

During programming, the controller must be 
isolated from signals sourced by the appHca- 
tion circuitry. A buffer with three-state out- 
puts might be inserted between the applica- 
tion circuitry and the controller, with the 
buffer outputs three-stated when program- 
ming is enabled. Alternately, a multiplexer 
might be used to select between signal 
sources, with signals applied to the control- 
ler by either the applicatiM:ciiMl^.wtbe 
programmer circuitry. 

Port Used for Output 

No circuit changes are required if the appli- 
cation circuitry can tolerate the state 
changes which occur at the port during pro- 
gramming. If the prior state of the applica- 
tion circuitry must be maintained during 
programming, a latch might be inserted be- 
tween the controller and the application cir- 
cuitry. The latch is enabled during program- 
niing, preserving the state of the application 

An Application Example 

The AT89C51 application shown in Fig- 
ure 1 is an implementation of a moving dis- 
play. This application was selected for its 
simplicity and ability to show graphically 
the results of in-circuit reprogramming. The 
text to be displayed is programmed into the 
conu-oUer as part of its firmware, and cannot 
be changed without reprogramming the de- 
vice. 

The displayed text is presented in one of two 
modes selected by the four-position DIP 
switch. In the first mode, one character at a 
time enters the display from the right and 
moves quickly to the left through each ele- 
ment of the display to its final position in the 
assembled message. In the second mode, the 
message moves through the display, from 
right to left, with the display acting as a win- 
dow onto the message. This mode is familiar 
as the method'ofieD used in displays of sSdcIl 
prices. 
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The output consists of four DL1414T, four-digit, 17-segment 
alphanumeric displays with integral decoders and drivers. This 
yields 16 total display elements, each capable of displaying dig- 
its 0-9, the upper case alphabet, and some punctuation charac- 
ters. The displayable character codes are ASCII 20H-5FH. 

A power-on reset circuit and six megahertz crystal oscillatpr 
complete the application. Neither extern^p^pMfWni^lir 
external data memory is used. 

Modifications to tlie Application to Support 
In-Circuit Programming 

Figure 2 shows the application modified for in-circuit 
programming. 

It is assumed that the programmer, when inactive, will neither 
drive nor excessively load the^q>plklation. 
Since the application does not use external program memory, 
EA#ArPP on the controller is connected to Vcc. This meets the 
lequirement for programming. 

The reset circuit has been modified by the addition of two tran- 
sistors, which allow RS^btf lies Controller to be forced high by 
the programmer. 

PSEN# and ALE/PROG#, unused in llii li i lii gmlillWtillllillM' 
under the direct control of the programmer. 
Programming requires programmer access to all of the four 
AT89C5 1 I/O ports, as documented in the data sheet. The pro- 
grartmier is connected directly to those controller pins which are 
unused by the application, while access to pins used by the ap- 
plication requires special treatOKnt,'as expWned in tbe fidlOW- 
ing paragraphs. 

The least significant four bits of the address generated by the 
programmer are multiplexed onto port one of the controller with 
the data from the DIP switch. Note that the four resistors added 
at the switch are not required in the basic application, since the 
AT89C51 provides internal pull-ups on port one. 
During the normal operation of the application, controller ports 
zero and iwo provide data and control signals (respectively) to 
the displays. During programming and program verification, 
the programmer asserts control of port zero and part of port two. 
The programmer is connected to ports zero and two without 
buffering, since, when inactive, its presence does not affect the 
normal operation of the application. 

A transparent latch has been added between port two of the con- 
troller and the display control inputs. The latch holds the display 
control signals inactive during programming, which eliminates 
erratic operation of the displays due to programmer activity on 
ports zero and two. No isolation of the display data inputs is 
required, since data applied to the inputs is ignored when the 
control signals are inactive. 

The AT89CS1 reset circuit, input multiplexer and output latch 
are controlled by a single signal generated by the programmer. 
During programming, reset is assoted, the multiplexer switches 
inputs, and the latch &eezes the display control lines. 
To ensure that the display control lines are in a known state be- 
fore they are latched, an AT89CS 1 external interrupt is used to 
allow the programmer to signal th6^ppl|^^i|l^^ ^gotid^ "' 



reset. The application firmware responds to the interrupt by dis- 
playing a message and deactivating the display control lines. 
After programming, when reset is deasserted, the controller 
ports are high as the latch becomes transparent. Since the dis- 
play control inputs arc maclive high, the display contents are 
not disturbed until the new program writes the display. 
Although not essential to this application, it might be impera- 
tive in some applications that the state of the peripheral circuitry 
not be disturbed during programming. 

Tlie Programmer 

The programmer (Figure 3) generates the addresses, data and 
control signals necessary to program the AT89CS 1 embedded, 
in the application. 

The programmer circuitry consists of an AT89C5 1 and an RS- 
232 level translator. The controller runs at 1 1 .0592 megahertz, 
which allows the .serial port to operate at a number of standard 
baud rates. A Maxim MAX232 line driver/receiver produces 
RS-232 levels at the serial interface while requiring only a fiive 
volt supply. 

Many of the signals generated by the programmer are cod'' 
nected directly, without buffering, to the AT89C5 1 in the appli- 
cation. These signals, when inactive, are not three-stated, but 
are pulled high. The AT89C5 1 has internal pull-ups of approxi- 
mately three KOhms on ports one, two and three. Because port 
zero does not have internal pull-ups, external pull-ups of ten 
KOhms have been added to permit proper operation of program 
verification mode. The sample application operates correctly in 
this environment. If required for compatibility with an applica- 
tion, programmer signals may be buffered with three-state buff- 
ers similar to the 74xxl25. 

The AT89C51 in the programmer does not utilize external pro- 
gram or data.memory, which woiild ifequire sacrificing needed 
I/Qj]^!is.<Jbis requires that program code and I/O buffers be 
smd! enough to lit in e»'ch^ meBKity. 

Remote Programming Over a Connn:it^|^iit^^ 
Telephione Line 

The programmer and display application described previously 
are connected to a phone line via a modem at a remote site. 
Using a personal computer with a modem, a user can upload a 
new program containing a new message, which is programmed 
into the AT89C51 embedded in the application. When pro- 
gramming is complete, the application executes the new pro- 
gram,. wbi(A:4iMAyij|>en$w;mes^^,,.'''^ ^' 

Local Station 

The local station in the test configuration consists of an IBM PC 
AT-class computer com^ted to a Hayes-compatible, 
Prometheus 1200 baud modem. The modem was selected be- 
cause it was inexpensive and available. A faster modem may be 
used if desired, although once the file transmission time is re- 
duced below one minute, further reductions in transmission 
time do not fiirflier reduce connect time charges. A possible ad- 
vantage to higher transmission speeds is the automatic iertor de- 
tection and correction availaBle in some high speed modems. 
Procomm Plus version 2.01, a commercial data communica- 
tions package, is used to configure the modem, set up commu- 
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nications paiametets, and establish a link with the remote mo- 
dem. Procomm Plus includes a macro language called AS- 
PECT, which allows the user to write and compile scripts which 
implement custom file transfer protocols. A simple ASPECT 
script was written to read the contents of a program file and 
upload it to the remote programmer. 

The file U-ansfer protocol (FTP) implemented is a simple send- 
and-wait, packet-oriented prolocol. The transmit and receive 
modes of the FTP are illustrated by the flowcharts in figures 4 
and 5, respectively. The transmitter sends each packet without 
flow control and waits for a response. The programmer (the re- 
ceiver) reads and dissects the packet while calculating a check- 
sum. If the calculated checksum is valid, the programmer ac- 
knowledges the packet by sending an ACK. If the checksum is 
in error, the programmer negatively acknowledges the packet 
by sending a NAK. Upon receipt of an ACK, the transmitter 
sends the next packet. If the transmitter receives a l^AK, it re- 
sends the same packet. Transmission proceeds in this manner 
until the entire file has been transferred. 
The programmer might respond to a packet by sending a CAN, 
which indicates that a non-reco\'erable error has occurred and 
that the transmitter should immediately abort the file transfer. If 
the programmer fails to respond to a packet within a limited 
period of time, the transmitter will resend the same packet. The 
transmitter will continue to resend the .same packet until a valid 
response is received or until the allowed number of attempts is 
exceeded, at which time the file transfer is aborted. 
After each packet is received and validated by the programmer, 
the data contained in the packet is programmed into the 
AT89C5 1 controller in the application. After programming, the 
data is read back from the controller and verified against the 
received packet data. Successful verification indicates success- 
ful programming, causing the programmer to send ACK to the 
transmitter. If programming fails, the programmer sends CAN 
to signal the transmitter to abort the file transfer. 
The simplicity of the FTP reduces the amount of AT89C5I pro- 
gram memory used in the programmer. The send-and-wait na- 
ture of the l^P allows inter-packet delays due to AT89C5 1 pro- 
gram and erase times to be easily absorbed. Support lor program 
verification is transparent, requiring no explicit command or re- 
sult codes, or additional data transfers. 

The fdes which are uploaded to the programmer are created 
with the tools in the Intel MCS-51 Software Development Pack- 
age for the IBM PC. Included in the package are the MCS-51 
Macro Assembler, MCS-5 1 Relocator and Linker, and a useful 
utility, OH. OH converts an absolute 8051 object file to an 
equivalent ASCII hexadecimal object file. 
The records in the hex file produced by the OH utility serve, 
unchanged, as the packets in the FTP described above; no serv- 
ice fields need to be added. The colon which begins each record 
serves as the packet signature field. The load address field 
serves as the packet sequence number. A checksum is provided 
as the last field in each record. Since seven-bit ASCII coding is 
utilized, the eighth bit of each byte is available to be used for 
parity diecking. 



Because the AT89C5 1 in the programmer does not utilize exter- 
nal data memory, necessary packet buffering must be done us- 
ing internal RAM. Limited memory precludes the use of con- 
ventional FTPs which utilize packets of 128 bytes and larger. 
The bejL ptidB^.&xma .iD:tfais application limits packet 
data fields to 16 or fewer entries, requiring little memory for 
buffering. 

The ready availability of a utility for creating the packetized 
program file, combined with small packet size and adequate er- 
ror checking, makes the hex packet format a near ideal solution 
for this application. A disadvantage is the use of ASCII, which 
requires each program data byte to be expressed as two hex 
characters. This demands that nearly twice as many bytes be 
transferred as might otherwise be required. This is not a severe 
limitation, however, since typical file transfer times are less 
than one minute. Overall, the simplicity of the custom FTP/hex 
packet format implementation outweighs the drawbacks. 

Remote Station 

The remote station in the test configuration consists of the dis- 
play application aiid programmer circuits, described previously, 
connected to a Hayes-compatible, Prometheus 1200 baud mo- 
dem.'During normal opoation, the applicittion executes its in- 
ternal program while the modem andlprogrammer monitor the 
phone-line for incoming calls. 

After Abtfll has been detected and a connection estiablished, die 
programmer forces the application to suspend Execution of Its 
program. The new program is ' downloaded , and prO'' 
gnunined iiffo the ATg9CS'l embedded in the application: 
When pebgfanuning-is completev the'iq^Ucalioo is allowed to 
begin: ^ecsation of its new prctgtaiH<'and.die ptog^mam^te^ 
tttiuS'tiS monitoring the phone Ime for tke next calli > 
The programmer powers up with its pr6gfamiiiing Control out- 
puts inactive, allowing the application to nm normally. After 
configuring the modem to answer incoming'calliii the^ptogram- 
mer puts itself to sleep. The prograrthitf will not disturb the 
application until a new program is to he downloaded. 
The programmer controls the modein by sending ASCII com- 
mand strings over the serial interface, to which the modem re- 
sponds with Hayes-style ASCII numeric codes. The software is 
designed for use with Hayes-compatible modems, WbicK in- 
cludes the Prometheus ProModem 1200 used here. 
The serial interface, through which the programmer connects to 
the modem, supports two handshaking signals, DTR and DSR. 
On power up, the programmer asserts DTR, to which the mo- 
dem responds by asserting DSR. If the modem should fail to 
respond to any command, including the command to hang up, 
the programmer deasserts DTR, which forces the modem to 
drop the line. 

The modem monitors the phone line while the programmer 
sleeps, waiting for an incoming call. When a call is detected, the 
modem answers and attempts to establish communication with 
the caller. If a connection is established, the modem sends a 
code to the programmer, waking it up. The programmer verifies 
M'&^lMtfMe'mA1j^b& (iolling for a valid packet header. 



tmns to sleep, waiting for the next call. If the caller hangs up, 
the thirty second period must expire before another call will be 
answered; Callit incoming dmiig the tmt^i^^pmod are ig- 

If a valid packet header is received prior to the expiration of the 
reset delay period, the programmer will attempt to read and vali- 
date the incoming packet. At any time during packet reception, 
an invalid character, parity enor or time-out during chmacter 
reckon will caistttlwpatffailfadEel to be declaied tavaUdrnd 
discarded. 

Two packet types are defined: data and end-of-filc, A data 
packet contains five fields in addition to tlie packet header, one 
of wliich is a variable length data field. The data field contains 
program data to be written into the AT89C5I controller in the 
application. The load address field contains the address at which 
the data is to be written. The end-of-file packet contains the 
same fields as the data packet, except that the data field is 
empty. This packet type has special meaning to the program- 
mer, as explained below. 

Any packet which contains an invalid record type, record length 
or checksum is invalid. Program data accumulated during the 
processing of an invalid packet is discarded. The programmer 
sends a NAK to the transmitter to signal reception of an invalid 
packet and resumes polling for a valid packet header. 

Receipt of the first valid data packet causes the programmer to 
interrupt the application controller. The controller responds to 
the interrupt by abandoning execution of its usual program and 
displaying a message indicating that programming is taking 
place. If this is the first valid data packet since power was ap- 
plied or an end-of-file packet was received, the programmer as- 
serts the control signals necessary to erase the program memory 
in the application controller. The programmer then places the 
controller in programming mode. 

The first and subsequent valid data packets are dissected as they 
are received and the data which they contain is programmed 
into the application controller at the address indicated in the 
packet load address field. After programming, the data is read 
back from the controller and verified against the received packet 
data. Successful verification indicates that programming was 
successful, causing the programmer to send ACK to the trans- 
mitter. The programmer then resumes polling for a valid packet 
header, subject to the thirty second reset delay. 
If programming fails, the programmer sends CAN to signal the 
transmitter to abort the file transfer. The modem drops the line 
and the programmer returns to sleep, waiting for the next call. 
The application controller is left in progranuning mode, pre- 
venting it from executing the incomplete or invalid program 
which it contains. 

Jl is important to note that invalid packets are NEVER pro- 
grammed into the application controller. To do so would require 
that the program memory in the controller be completely erased 
befgne the error could be eomc^, causing tb« jKon'Te^y^rable 
loss of all previous program data. 

Upon receipt of an end-of-file packet, the programmer returns 
its confrol outputs to the inactive, power on state, allowing the 



subject to the thirty second reset delay. 

If a valid packet is received prior to the expiration of the thirty 

second delay, another programming cycle begins, which can 

only be terminated by the reception of a valid end-of-file 

packet. 

If the reset delay expires prior to the reception of a valid end-of- 
file packet, the modem will drop the line and the programmer 
will return to sleep, waiting for the next call. In this case, the 
application controller is left in programming mode, preventing 
it from executing its program. To return the application to nor- 
mal operation, another call must be received, and a valid pro- 
gram file uploaded, terminated by an end-of-file packet. 

Setting Up the Hardware 

Local Station 

Connect the IBM PC to the ProModem 1200 through one of the 
system COM ports. Connect the modem to an analog telephone 
line and set the modem switches as indicated below. 



Switch settings: 


1 


ON 


2 


ON 


3 


OFF 


4 


ON 


5 


OFF 


6 


ON 


7 


OFF 


8 


OFF 


9 


OFF 


10 


OFF 


Remote Station 



Connect the display application/programmer to the second Pro- 
Modem 1200 through the programmer serial port Connect the 
modem to an analog telephone line and set the modem switches 
as indicated below. 

Tittn the modem on and apply power to the display applica- 
tion/programmer. The application will begin executing its pro- 
gram, if it contains one. The programmer will initialize the mo- 
dem, as shown by the activity on the modem status indicators. 
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I Switch settings: 

1 ON 

2 ON 

3 ON - • 

4 OFF 

5 ON 

6 ON , 
; 7 ON 

I ! 9 OEF 

[ 1 10 OFF 

Installing and Configuring Procomm Plus, 
Version 2.01 

I Install Prooomm Plus as instructed in the User Manual. When 

prompted to specify the modem in use, select 'Prometheus Pro- 
Modem 1200' from the list. 

Run Procomm Plus and create a' dialing director entry for the 
lemote station. The baud rate must be set to 1200, parity to 
I EMEN, number of data bits to 7. number of Stop bits to. 1, plex 

! to HALF. 

Enter the Setup utility (ALT-S). Select 'PROTOCOL OP- 
TIONS', then 'EXTERNAL PROTOCOL OPTIONS' from the 
menus and modify the entry for 'BeTERNAL PROTfCOL 1 ' 
as indicated below. 

EXTERNAL PROTOCOL 1: 
A - NAME: <any name> 

B - TYPE: ASPECT 
C - UPLOAD COMMAND: ATX.ASX 
I NOTE: 'ATX.ASX.' is the filename of the compiled ASPECT^, 

script to be associated with External Protocol 1. 
Save the changes and exit the Setup utility. 

I 



Creating a Hex File 

The hex files which are uploaded to the programmer are created 
with the tools in the Intel MCS-51 Software Development 
Package for the IBM PC. In the example below, the 8051 as- 
sembler source file is called 'TEST.ASM'. 
Assemble the source file 'TEST.ASM' and create the object file 
'TEST.OBI': 

ASM51 TEST.ASM 
Link and locate the object file 'TBST.OBJ' and create the abso- 
lute object file 'TEST.ABS': 

RL5 1 TEST.OBJ TO TEST.ABS 
Convert the absolute object fllie T^T-ABS' to the hex file 
•TEST.HEX': ■ 

OH TEST.ABS TO TEST.HEX 
The resulting file, 'TEST.HEX'ls ready to be uploaded. 
NOTE: ASM51 is version 2.3;-RL51 is version 3.1; OH is ver- 
sion 1.1. |- - . 

Uploading a Hex File 

Run Procomm Plus and use the pr(^@- di«diiig directory entiy to 
dial the remote station. 



After the connection with the remote station is established, 
press the 'PgUp' key and select '1' CExtemal Protocol 1) from 
the menu of upload protocols. This will execute the ASI^CT 
script associated with External Protocol 1. 




When prompted, enter the name of the file to be uploaded, in- 
cluding the extension and path, if required. 
When the upload is complete, press ALT-H to hang up and 
, ittT-XtoejdtProeomnjPlnsandrBttW to DOS. 



Figure 1. AT89C51 Moving Display Application Example 
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Figure 2. AT89CS1 Moving Display Application Modified for In-Circuit Programming 
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F^re4. FTP Transmit Mode 




Figures. FTP Receive Mode 
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Appendix I: Intel Hex File Definition 

Hexadecimal object file format (Intel hex) is produced by most 
SOCSI assembler products. 
Each record in the file contains the following fields: 
<:xrec lengthxioad addressxrec typexdataxchecksum> 

The colon is the record header. 

The record length field consists of two hex digits, and represents 
the number of entries in the data field. OH ou^uts teeotds con- 
taining 1 6 or fewer data field entries. 

The load address field consists of four hex digits, and indicates 
the absolute address at which the data in the d«ta i$ tP be 
loaded. 



The record type field consists of two hex dig^, whiiA sxe al- 
ways zero in data records. 

The data field contains from one to 16 pairs of hex digits. 
The last two hex digits are a checksum on the record length, 
load address, record ^pe, and da^ fields. The sum of the binary 
equivalents of these fields and the checksum itself is zero. 
Each record in the file is terminated by a carriage return and line 
feed. 

A type one record marks the end of the file. The record always 
con^ns to following value: ':fl0000001FF'. 
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Controlling FPGA Configuration with a 
Flash-Based Microcontroller t 



Introduction 

SRAM-based FPGAs like the Atmel 
AT6000 series come more and more into use 
because of the many advantages they offer. 
Their reconfigurability allows the user to 
implement more gates in his application than 
the FPGA actually has, simply by loading 
the gates as needed into the FPGA. This is 
also called "Cache Logic™." For an effi- 
cient use of cache logic, the FPGA must 
meet the following requirements: partial re- 
configurability, a fast reconfiguration proc- 
ess and fill! architectural symmetry. 
The FPGA can control and change its con- 
figuration itself, but this can also be done in 
a very elegant way by a microcontroller. Af- 
ter the configuration process or in-between 
two configuration cycles it can be used for 
other purposes and is not lost for the applica- 
tion. The different options for space-saving 
realization, design protection or for fast, 
flexible reconfiguration are shown in this 
application note. The microcontroller used 
here is the Atmel AT89C51 which is fully 
compatible to the industry standard 18031. 

Fignre 1. Bitstream Sltu(^Bre ._ 



Configuration Data Transfer 
between the'FPGA ahd'fhei 
lUlicrocontroller 

The amount of information that makes up 
the configiu'ation information for the FPGA 
is called a bitstream. It is a file stored some- 
where in a memory section. Figure 1 shows 
how this bitstream is structured: 
The bitstream begins with a token, the pre- 
amble, which indicates the beginning of the 
header section that contains global informa- 
tion concerning the whole configuration cy- 
cle. This is followed by the configuration in- 
formation for the core cells and by the I/O 
configuration. The postamble in^cates Ae 
end of the bitstream. 

These data are simply some data bytes that 
are sent one after another to the FPGA as a 
text file is sent to a printer. This is done in a 
serial or parallel fashion by implementing a 
transfer protocol that is not much different 
froin the transfer protocol of a printer port. 
The connections between an FPGA and a 
microcontrotlra' for snial data transport are 
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Figure Z Connectiiig an Atmel FPQA witii^ AtiSCSl. 
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Figure 3. FPGA Reset Hmmg 
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shown in Figure 2. Only 7 tines arejised enabling tiill control of 
the configuration cycle. 

The microcontroller can force a complete reset of the whole 
FPGA by applying the mode to the mode control lines. The 
state entered by the FPGA is the same state it will enter after 
power-up. All 1/Os are in tristate mode. The exact timing is 

shown in Figure 3. 

After triggering the reboot cycle, the FPGA will pull the /CON 
line to low. The microcontroUo- c^ check dns line and detect 
the end of the cycle. 



^fter a reboot cycle ICS and /CON are held high for two clock 
cycles. The microcontroller can then select an FPGA through 
the ICS line for configuration and start the configuration cycle 
by pulling /CON low. Witli e^h clock pulse on the CCLK line 
one bit of the bitstream tfi^i^ to the FPGA. The fiist trans- 
ferred bit is the LSB of the {neamble, the last transferred bit is 
the MSB of thepostaoi))|e. To ensure the craiect function of the 
internal state machine of the fVGA., 24 clock pulses ore applied 
before and after a configuration cycle, for correctly entering the 
standby state between two configurations. These clock pulses 
W^l^lied bc^OBB /CQN is polled low and aSer /CON goes high. 
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Clgure 4. FPGA Configuration Cycle Timing 
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Figure 5. Parallel Data Transfer 
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With the transition from low to high the FPGA indicates that the 
configuration cycle has ended. The exact timing is shown in Fig- 
ure 4. 

This is the configuration mode 3 that is used for configuring 
several cascaded FPGAs. In this case all lines are brought to all 
FPGAs in parallel, except for the /CS lines. These connect to the 
/CSOUT pins of the preceding FPGAs in the chain. Only one 
bitstream that contains several configurations is needed to serve 
all FPGAs. The postambles are replaced by preambles to sepa- 
rate them. When the first FPGA in the chain sees a new pream- 
ble instead of a postamble, it will activate ist /CSOUT pin. The 
next FPGA in the chain is ready to acc^t the new configuration 
infbnnatioii, and so on. 



Another possibility is to connect ail /CS lines to the microcon- 
troller so that it can select the next FPGA to be configured. All 
other lines are brought to all FPGAs in parallel. In this case nor- 
mal bitstreams are sufficient, not the special bitstream that is 
explicitly generated and contains several preambles as described 
above. 

If an error occurs during configuration, the microcontroller can 
detect this through the /ERR line. When the error is detected 
from the FPGA, e.g., an invalid preamble, this line will be pulled 
low to indicate the error to the microcontroller. When using sev- 
eral FPGAs the error lines can all be connected since this is an 
open collector output that can be WIRE-OR'ed. Hie microcon- 
troUer assrals the /CHECK line to detamine witeOeT Ibe 



is reconfigured. It also compares the bitstream it receives with 
the information that is already stored in the configuration mem- 
ory within the FPGA. In the case of a diffei<rac»lte^% ttw 
is asserted. 

If only reconfiguration of the FPGA without wanting error de- 
tection, the number of lines are reduced to three. /CS is tied to 
GND so that the FPGA is always selected. The microcontroller 
only has to provide the signals /CON, the configuration clock 
CCLK, and the data line. This solution uses the least board 
space. 

With parallel data transfer, as shown in Figure 5, 8 data lines 
instead of one are used to transfer one data byte instead of one 
data bit per clock cycle. The configuration time is therefore 
much shorter. For these data lines, the normal data bus of the 
microcontroller is used, and the data tfansfer is controlled 
through the /WR signal of the controller. Reconfiguration of the 
FPGA is just like writing to an external RAM. 
For a system where reconfiguration of the FPGA makes part of 
the regular system function this might be the most flexible solu- 
tion. In this mode 6 as illustrated in the data book several FPGAs 
are cascaded as well. In this case, all lines except for /CS are 
brought to all FPGAs in parallel. /CS is connected to /CSOUT 
of the preceding FPGA in the chain to configure several FPGAs 
with one bitstream. The microcontroller can control the/CS pins 
to select the FPGA to be reconfigured as in a memory-mapped 
approach. The exact timing is shown in Figure 6. 

Options for Storing Configuration Data 

For storing the configuration data within the system there are 
different possibilities, each having its advantages and disadvan- 
tages. 

The first possibility consists of using the internal memory of a 
controller to store the configuration information. At first glance 
this might look like a waste but it offers distinctive advantages 
that enable certain applications. The microcontroller AT89C51 
has an internal memory of 4 Kbytes, so that a full configuration 
of the AT6002 and an additional 1.4 Kbytes t rf ^gqi^jm are 

w D • — 
Figore 6. FPGA Select Timing ' 



stored. In this case only two chips make up the whole system 
which saves board space. The configuration data is also pro- 
tected by the lock bits of the coatieUet preventing it from being 
reverse-engineered. 

Another possibility is to store the data in a parallel flash or 
EPROM memory that is handled by the microcontroller. If a 
flash memory is used, the configurations are changed through 
the serial link of the microcontroller simply by downloading a 
new configuration into the flash memory. Depending on the size 
of the memory, many configurations are stored in the system. 
For example, for a 5000 gate FPGA, the AT6005, requires only 
8 Kbytes of configuration data. The address space of an 
AT89C5 1 controller is 64 Kbytes of data memory. This amounts 
to eight full configurations (or 40000 gates) or, more partial con- 
figurations where the bitstream is much smaller depending on 
how much is changed in a cycle. 

The software controlling the FPGA configuration resides within 
the internal memory of the microcontroller and only needs to 
know the start address of the bitstreams. It can detect the end 
itself by searching for the postamble. Another possibility might 
be a control program that after power-up searches the whole data 
memory for preambles (for bitstreams). Then the controller re- 
ceives the command to download the second configuration into 
the third FPGA by its serial interface, and downloads this con- 
figuration into the FPGA, and so on. To control this approach, 
careful system planning is necessary in order not to destroy a 
working function. 

When using parallel memories instead of serial memories, the 
configuration is done very fast. Serial memories are more space- 
efficient, but slower. In space-sensitive applications they can be 
a solution. There are serial memories that are connected to an 
FPGA directly. They allow only one configuration, and they are 
costly. When using a microcontroller, standard serial memories 
are used that are cheaper and store more than one configuration. 
For example, if an AT24C64 serial memory with l^C bus inter- 
face is used, more than 3 full configurations for the AT6002 is 
stored. 
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Provided that a configuration cycle has finished widi the WGA releasing the /COS line, a subroutine for transfeniag a configuration 
bitstream to a PPGA is relatively sitiipte. In the case of pmallel data transfer it is seen as the following: 



conf ig: 
l0(^l: 



MOV DPTR, #200H 
MOVX A, 9DPTR 
MOV PI, A 
SEIB P0-.5j. 
CLR P0.5 ■ 
INC DPTR 
JNB PO.l, 
JNB P0.4, 
RET 

do something. 



error 
loopl 



; start address bitstream 
; load byte of bitstream 
; output at port 1 
jone clQCk pialise higli 
; clock low 
;next byte 
;ERR is low? 

;if CCn) is low, continue 
; conf iguratidti - finished 



In the case of serial data transfer a byte of the bitstream has to be convoted fitim parallel to serial, but this is done with ROTATE 



RRC A 

MOV PI. 6, C 
RRC A 

HDV PI. 6, C 
SRC A 

MOV Pi. 6, C 



; first bit to carry 

;output carry as data bit 

; second bit to ceirry 

; output carry as data bit 

; third bit to ceurry 

; output carry as data bit 




A similar approach is applied in the case of a serial memory containing the configuration bitstieams. The microcontroller assembles 
them to a byte. When configuring in serial mode, this bit is handed over directly to the ETGA. 

When storing several configurations in the address space of a microcontroller, it is complicated and error-prone to change the start 
addresses of the bitstreams within the microcontroller program. Another possibility is shown in the following code example: a table 
of 8 start addresses is created and the microcontroller searches the address space for bitstreams. Each time he finds a beginning, the 
start address is stored in the table. With this approach several configurations are stored at variable locations. In this example it is 
assumed that every bitstream begins with the preamble and the control register content is 00 hex (this is the second byte of the 
bitstream). This program is simply to show the principles applying. It is also assiuned tliatan AT89CS1 witt4 KbytK internal memory 
is used and the bitstreams are stored starting with address 1024 (0400 hex). 



CONTABLE 

ITOM_CONFIG 
PREAMBLE 
POSTAMBLE 
CONTROLREG 
detect : 

loopl : 



db 0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0 



contl : 



db 

EQU #10110010B 

EQU #01001101B 

EQU #000000003 

MOV DPTR, #0400H 

MOV RO, in]H_C<3NFIG 

MOV A, SDPTR 

INC DPTR 

MOV Rl, DPH 

CJNE Rl, tlOH, contl 



AJHP overrun 

CJNE A, PREAMBLE, loopl 

MOV A, DPL, 

MOV @R0, A 

INC RO 

MOV A, DPH 

MOV 9R0, A 

INC RO 



; space for 8 16-bit pointers 
; number of configuration 



; adjust to desired value 

; start searching at 0400 

; actual config address is held in RO 

,-load byte 

,-next byte 

; load high byte DPTR 

.-continue, if address below flOOOH (that is, 
;t4096D for a 89C51 that has 4KB of internal 
;memory) 

;else stop searching (end of memory) 
/preamble found? 
;save DPTR low byte 



;save DPTR high byte 
;next pointer location 



<*i:r.>.- 



311 



loop2 : 



cont2 : 
loop3 : 



overrun 



MOV A, SDPTR 
INC DPTR 

MOV -Rl, PfJih. ■' ■ •: • -i, 
CJ& Rl, #i6h, cont2 
AJMP overrun 

CJMB A, CONTROLREG, loop2 
MOV A, 8DPTR 
INC DPTR 

CONE A, POSTAMBLE, loop3 
INC DPTR 
MOV Rl, DPH 

CONE Rl,, tiggi COgjt3 ,j 

AJMP loopl 
RET 



continue searching 
next byte , 

/control reg found? 

;yes, continue 
;next byte 
.-postamble found? 
(■continue searching 
;text end of memory 



; for preamble . : . 

; end of subroutine 



When il is known how many configurations are stored in the memory and where they are, they can be transferred to th&^Qilk.ifaE 
example, through commands received with the serial interface of the microcontroller. 

A similar program can be wrillen for storing the configuration data in serial metnoiieSi but here the bits have to be assembled to bytes 
first in order to search for the preamble. 
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Encryption and Security 

SRAM-based FPGAs always receive their configuration from 
tfie outside. Besides all advantages this offers, e.g.. recoiiligu- 
rability or testability, there can be problems with security and 
protection of the design. When the configuration is stored in a 
serial or parallel memory that is read directly by the FPGA, this 
memory can be copied. In this case no protection is available. 

The problem is only half as difficult as it seems because simply 
copying the configuration is not the whole job. This can only be 
used to copy the system, but the logic function of the FPGA is 
very difficult to deduce from the bitstream. The relation between 
a certain bit in the bitstream and the fiinction it controls is very 
difficult to determine. Therefore, the circuit lealiz^ with the 
FPGA is very difficult to reverse-engineer. 
When using a miaocontrolleT to configure the FPGA, additional 
security mechanisms are implranented. The bitstream can be en- 
crypted before storing it in the system memory so that the micro- 
controller decrypts the bitstream before sending it to ^QA. 
The key is hidden within the microcontroller or witft e^diiMll 
means, e.g., a smartcard or identification number. 
Even with very basic operations a high degree of security is 
reached. For example, if all bits of the bitstream are inverted the 
configuration bitstream is useless for the FPGA. Another way is 
to exchange some bytes witti others through a table. This is a 
very easy and therefore fast operation that will slightly slow 
down the configuration process and will result in a high level of 
protection. 

Using the option indicated above (storing the configuration in- 
formation within the internal memory of the controller) has 
other advantages. With the lock bits of the controller access to 
the memory can be inhibited even when the microcontroller is 
put on a programmer. With the chip-erase function of the Atmel 
microcontrollers, the whole memory array can be erased in 
10ms when the part of the system is accessed, e.g., by opening 
the case or entering a wrong identification numbtf three times. 
Tliis also works when the configuration is not sttsred within the 
microcontroller, but only the key number is stored. 
There are still weak points in the system. These are made up by 
the data and control lines between the FPGA and the microcon- 
troller. They are sampled with a logic analyzer and the configu- 
ration information is extracted from the timing diagram. This is 
difficult, but not impossible. One needs to know the parts that 
are used in the system; the right key or identification number. 



and a running system lor analyzing it. Only tiien the configura- 
tion for one given moment is known. It does not infer that the 
system can be copied. If partial reconfiguration is used, the de- 
sign can be partitioned in two or more parts. The major part is 
transferred unencrypted and some few cells of central impor- 
tance are transferred at another point of time or iVom the outside. 
A system that changes itself frequently is much harder to copy 
or reverse-engineer. Other tricks such as custom-marking the 
FPGA (so it is thought to be an ASIC), additional power and 
ground pins help to disguise the identity of the used part. By 
implementing all these methods, the process of copying the de- 
sign is complicated, but there is no absolute security. 

Conclusion 

The following table shows the different options for parallel or 
serial configurations in conjunction with parallel or serial con- 
figuration storage. The given configuration times are for full 
configuration of an AT600S without encryption. An AT89CS1 
microcontroller with a clock fivquency of 24 MHz is used. For 
assessing the necessary board space, it was assumed that the mi- 
crocontrollers are used with QFP packages and the monories are 
used in SOIC or TSOP packages. 
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61tns 
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30ms 



Requlremenls 
Conllguiation 
Time 



The space requirements arc mainly determined by the chosen 
menn)r\ . It is difficult to assess the board space required by par- 
allel or serial wiring. Either one will be determined by applica- 
tion requirements, that is, fast reconfiguration or small space. 
Configuration time is more dependent on the connection be- 
tween the controller and the FPGA; the memory connection is 
not as important. 

It is obvious that controlling the configuration of FPGAs with 
the help of microcontrollers is implemented very easily. When a 
controller is already in use within the system, only one addi- 
tional port is required, and some space in the Hash memory that 
might already be in the system as vncII. Flc.\ibilit\ in the design 
is increased and additional features can easily be implemented. 
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Programming Atmei's Family 
Of Flash Memories 



Introduction 

Atmel offers a diverse family of Rash Mem- 
ory devices ranging in density from 256 K to 
4 Mbits. These devices read and program 
with a single volt^ supply. The nqmina) 
supply voltage is 5 V for the AT29Cxxx, 3.3 

V for the "low voltage" AT29LVxxx, and 3 

V for the "Battery-Voltage™" AT29BVxxx 
Flash family. The entire Flash family is de- 
signed to allow users to have one common 
programming algorithm for all three Flash 
voltage families. Therefore, uf^rading from 
one density to another and from a higher 
voltage to a lower voltage device js simpli- 
fied. 

This application note describes the design 
benefits of Atmei's Flash architecture as 
well as how the device ID feature is used to 
adjust for varying densities and supply volt- 
ages. In addition, Atmei's Software Data 
Protection (SDP) feature, which prevents in- 
advertent writes, is described. An example is 
given to illustrate the ease with which the 
isogramming software (»n be wrin^ to ac- 
commodate four diffefent 4 Mbit Flash de- 
vices, the AT29C040, AT29LV040, 
AT29C040A, and AT29LV040A. 
Hardware and software have been devel- 
oped to demonstrate the relevant design is- 
sues. The demo uses an AT89C51 Flash- 
based microcontroller (which has the same 
pinout and instruction set a& an 80CS1) as 
the host processor and a "C" language pro- 
gram for the software. The software auto- 
matically adjusts, the amount of time re- 
quired for progtamming the varying voltage 
versions of the 4 Mbit Hash devices in addi- 
tion to accommodating for their different 
sector sizes. 

The AT89C51, a member of Atmei's grow- 
ing family of Flash microcontroller devices, 
features 4 Kbytes of in-system reprogram- 
mable Flash memory (see Atmel application 
note "AT89C51 In-Citcuit Programming" 
for SKlditional infiarmation). Current and fii- 
ture versions of Atmei's microcontroller 
family incorporate from as little as 1 Kbytes 



of Flash memory to as much as 128 Kbytes, 
providing many density options for different 
applications. Other versions will also in- 
clude special architectures such as a combi- 
nation of Flash and parallel EEPROM mem- 
ory on board. 

Programming Flash Devices 

Unlike Atmei's Flash Memories, previous 
generations of Flash memories had large kilo- 
byte sectors and required that an entire sector 
be erased prior to programming. Generally, 
the sector erase cycle time was hundreds or 
thousands of milliseconds and could be as 
long as 30 seconds for the entire memory ar- 
ray. In addition, a separate high voltage sup- 
ply was required for a write and erase opera- 
tion. AtmcTs Flash family has simplified us- 
age by having only one supply voltage, re- 
ducing the sector size, having the program- 
ming similar to an SRAM write operation, 
and decreasing significantly the total pro- 
gramming time. 

Small sector sizes reduce the amount of sys- 
tem resources necessary for programming. 
When only a few bytes in a Flash memory 
need to be altered, a RAM image of the 
Flash sector must be created. The RAM 
must then be alterctl with the new data, and 
the image translcncd back into the Flash de- 
vice. Becau.sc Atnicl's Flash devices have 
small sector sizes (from 64 to 512 bytes, de- 
pending on the memory density), the RAM 
requirements are much less than those of 
large sector Flash devices. The latter gener- 
ally have 4 K to 128 Kbyte sector sizes. 

A second advantage of Atmei's Flash is that 
an entire sector can be updated during a sin- 
gle program operation, instead of the byte- 
by-byte programming of previous genera- 
tion Flash memories. This saves significant 
programming time when updating an entire 
sector, especially when comparing Atmei's 
small sector devices with large sector de- 
vices. In addition, Atmei's devices do not 
require a sector erase prior to writing, thus 
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saving additional programming time. The maximum sector pro- 
gram time is 10 ms and 20 ms for the AT29Cxxx and 
AT29LVxxx/AT29BVxxx families respectively. 

AT29C040 and AT29C04QA Architecture 

The AT29C040 provides operation similar to a byte-wide 
SRAM. The device has eight dataijines and 19 address lines. 
Ih& familiat-tliree input control lii^ are also present (CE, OE, 
WE). Read opoations are identical' to an SRAM, but write op- 
erations are somewhat different due to the write cycle time 
(twc) requirements of all Flash memories. Flash write opera- 
tions VlSse sevtstd milliseconds to complete, compared to the 
nanosecond writes of SRAM devices. It should be noted that 
Atmel's Flash Memories require only a write operation; the 
erase operattob is automatically perfonned intranally in the device. 
Data is loaded into the AT29C040 one sector at a time, with 
each sector consisting of S 1 2 bytes. The sector chosen for modi- 
fication is defined by the upper order address bits (A9-A18). 
The entire sector must be loaded during the write operation. 
Any byte not loaded during the sector load will contain FFH 
after the write operation has completed. Address lines AO 
through A8 define the location of the bytes within a sector. All 
data must be loaded into die same sector (A9 through A18 must 
remain constant) and can be randomly loaded within that sector. 
The AT29C040A is identical to the AT29C040 except for the 
sector size and the Device ID Code (the Device ID Code is de- 
scribed later). Ttie AT29C040A has a 256 byte sector (instead 
of a 512 byte sector) which is defined by address lines A8 
through A18; the bytes within the sector are determined by ad- 
dress lines AO through A7. 

Software Data Protection (SDP) 

One concern of systems designers when using nonvolatile pro- 
grammable memories is the possibility of inadvertent write op- 
erations that can be caused by noise or by power-up and power- 
down sequences. Atmel's Flash memories provide a feature 
called Software Data Protection (SDP) that addresses this issue. 
The user can enable SDP upon receipt of the device from Atmel, 
and its usage is highly recommended. Data can be written into a 
sector with or without SDP enabled. However, once SDP has 
been enabled, the device requires that all subsequent write op- 
erations perform a series of "dummy" write operations before 
loading the chosen sector with data. The "dummy" writes con- 
sist of loading three known data values into three predefined 
addresses. This three-byte sequence preceding a write operation 
virtually eliminates the chance of inadvert^t Write Operations. 
The sequence is described below, 

1. Load Data AAH into Address 05555H 

2. Load Data 55H into Address 02AAAH 

3. Load Data AOH into Address 055SSH 



If SDP is enabled, any attempt to write to the device without the 
three-byte command sequence will start a write cycle. How- 
ever, no data will actually be written to the device, and during 
this "write" cycle time (twc), valid data cannot be read from the 
Flash. 

Product and lUlanufacturer ID 

Atmel's Flash memory devices allow the user to access both 
device and manufk;turer iitformation. This feature allows a sys- 
tem to determine exactly which Flash memory is being used. 
Once this is known, the host system can choose different algo- 
rithms for write op^tions in order to acconunodate for differ- 
ences in device density, Vcc requirements, sector si2e, and re*- 
quired write cycle time. 

Product aiid manufacturer ID information is determined with 
the Software Product Identification procedure, which is similar 
to the Software Data Protection sequence. Hie sequence is de- 
scribed below. 

1 . Load Data AAH into Address 05555H 

2. Load Data 55H into Address 02AAAH 

3. Load Data 90H into Address 05555H 

4. Pause twc (device write cycle time) 

5. Read Address OOOOOH 

Data read is the Mamifa^BrerCode ' " 

6. Read Address OOOOIH 

Data read is the Device ID Code 

7. Load Data AAH into Address 05555H 

8. Load Data 55H into Address 02AAAH 

9. Load Data FOH into Address 05555H 

10. Pause twc (device write cycle time) 

1 1. The device is returned to standard operating mode 

The following table uses the 4 Mb Flash as an example to illus- 
trate the pertinent device information than can be determined 
once the Device ID*Qb&is known. 



DEVICE 


ID 


Vcc 


SECTOR 
SIZE 


twc 


AT29C040 


5B 


5.0 V±10% 


512 bytes 


10 ms 


AT29C040A 


A4 


5.0 V± 10% 


256 bytes 


10 ms 


AT29LV040 


3B 


3.3 V ± 0.3 V 


512 bytes 


20 ms 


AT29LV040A 


C4 


3.3 V± 0.3 V 


256 bytes 


20 ms 


AT29BV040 


3B 


3.0 V± 10% 


512 bytes 


20 ms 


AT29BV040A 


C4 


3.0 V± 10% 


256 bytes 


20 ms 



4. Load desired sector with data 

5. Pause twc (device write cycle time) 

6. The device is returned to standard operating mode 

4^0 Micrcontroller ^^^upH 
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Hardware Description 

The demo hardware consists of a 12 MHz AT89C51 Flash- 
based microcontroller with 4 Kbytes of on-board Flash mem- 
ory. The internal AT89C5 1 Flash memory is used for boot code, 
and the external 8K x 8 SRAM and the AT29C040 are mapped 
as data memory. The AT29C040 is also mapped as program 
memory to facilitate off-chip program execution. The AT89C5 1 
can only access a maximum of 64 Kbytes of data memory space, 
while the AT29C040 has 512 Kbytes of storage capacity. To 
solve this size mismatch, the AT29C040 is bank switched into 
the AT89C5 1 data memory map in 8 Kbyte blocks. The bank 
switching is performed with six general purpose I/O port bits on 
the AT89C51. The system address map is shown below. 

System Address Map 

AT89C51 0000-lFFF 
MicroconttDllor 



8Kx8StaticRAM 2000-3FFF 
AT29C040 Flash mO-SPPP 



Internal program 
memory 

Data memory 

PEogiam and data 
memory 



Software Description 

The software (available from Atmel's BBS 408-436-4309) 
demonstrates how the Device ID Code can be used to allow a 
single program to work with different Atmel Flash memories. 
The program uses Atmel's 4 Mb Flash (AT29C040, 
AT29LV040, AT29C040A, and AT29LV040A) as an example, 
but the software can be easily adapted to accommodate other 
device densities. 

In order to program the Flash memory, the software must first 
determine which Flash device is being used. This is accom- 
plished by first putting the device into the Software Product 
Iddntification mode by executing a thiee-byte command se- 



quence (described in the "Product and Manufacturer ID" sec- 
tion of this application i^pte). The program subsequently reads 
the Device ID Code and executes another three-byte command 
sequence to return the Flash to the standard operating mode. 
Using the Device ID Code, the program then determines the 
appropriate sector size and write cycle time (twcd for tbe par- 
ticular 4 Mb Flash being used. 

To demonstrate a sector write, the program proceeds to load the 
SRAM with "dummy" data. After the data has been loaded, the 
program transfers the data from the SRAM to a predefined sec- 
tor (within one of the mapped 8 Kbyte blocks) of the 4 Mb 
Flash. After pausing the required write cycle time (twc), the 
sector that was just written is transferred back to the SRAM 
buffer. , 

Summary 

Atmel's Flash Memories are designed to allow all densities and 
device configurations to be programmed using the same pro- 
gramraingsdgorithm. The user has to simply determine the De- 
vice ID Cpde and set the appioptisSe sector size and write cycle 
tiiriC. TMs Opet^tSfiTYieed only be performed once provided the 
sector size and write cycle informatioQ is saved. If only one 
density or configuration will ewec be u$Bd, then reading df ffie 
Device ID Code can be eliminated, and 4ie sector size and'^te 
cycle information can be predefined in Ihe software. 

As demonstrated, programming Atmel's Flash is a simple proc- 
ess, similar to loading an SRAM. Architectural and circuit fea- 
tures within the devices minimize software and system over- 
head while simplifying programming procedures. Atmel's 
Flash Memories require only about one-tenth of the typical soft- 
ware, buffer memory, and performance overhead of pre>}()us 
generation Flash, thus providing substantial system cost savlltgs. 
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Note: If the Flash is to be used as external program memory, then 

pin 31 (EA/ Vpp) of the AT89C51 cannot be connected to ground. 
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Analog-to-Digital Conversion Utilizing the 
AT89CX(^1 Microcontrollers 



The Atmel AT89C1051 and AT89C2051 
microcontrollers feature on-chip Flash, low 
pin count, wide operating voltage range and 
an integral analog comparator. This applica- 
tion note describes two low-cost analog-to- 
digital conversion techniques which utilize 
the analog comparator in the AT89C1051 
and AT89C205 1 microcontrollers. 

RC Analog-to-Digital 
Converter 

This conversion method offers an extremely 
low component count at the expense of ac- 
curacy and conversion time. In the example 
presented below, resolution is better than 50 
millivolts, accuracy is somewhat less than a 
tenth of a Volt and convosion time is seven 
milliseconds or less. 

As shown in Figure 1, the 1^ sftl^grtp- 
digital conversion method requires only two 
resistors and a capacitor in addition to the 
AT89CX05 1 microcontroller. A microcon- 
troller output (pin 11), which swings from 
approximately ground to Vcc, alternately 
charges and discharges the capacitor con- 
nected to the non-inverting input of the in- 
ternal comparator (pin 12). The microcon- 
troller measures the time required for the 
voltage on the capacitor to match the un- 
known voltage applied to the inverting input 
of die internal comparator (pin 13). The un- 
known voltage is a function of the measured 
time. 

The HP5082-7300 LED displays shown in 
Figure 1 are not required for the conversion, 
but are utilized by the software to implement 
a simple two-digit voltmeter. The result of 
the analog-to-digital conversion is displayed 
in volts and tenths of a volt on the two dis- 
plays. The voltmeter ^plication does not 
utilize the fiilt resolution of the RC conver- 
sion software, but serves to demonstrate the 
method as well as providing a tool for (le- 
bug. - - 



The wavefoim for a typical capacitor 
charge/discharge cycle is shown in Figure 2. 
The discharge portion of the curve is identi- 
cal to the charge portion rotated about the 
line Vc = Vcc/2. The equations and discus- 
sion below apply to the charge portion of the 
cycle, except where indicated. 

The voltage on the capacitor as a function of 
time is given by the exponential fqpation: 

Vc = Vcc(l-e"'"*'^) (1) 
where Vc is the voltage on the c^acitor at 
time t, Vcc is the suiqily voltage and jRC is 
the product of the values of the resistor and 
capacitor. Note that voltage is expressed in 
Volts, time in secoiMls, resistance in Ohms 
and capacitance in Farads. The product RC 
is also known as the '^me constant" of the 
netwoik and affects the shape of the wave- 
fdrtn. The waveform is ste^iest when ca- 
pacitor chai^gfng or discharging begins and 
flattens wifll time. 

The finft problem with the RC conversion 
nddiod is ttie-difficulty of solving the expo- 
nential equation without utilizing floating 
point calculations and transcendental func- 
tions. On a con^ressed time scale, the expo- 
nential burve appears straight (wx much of 
its length, suggesting that it mi^t be ap- 
proximated by a line. This scheme foils diie 
to the continuous variation in stope^iver lAe 
length of the curve, which produces signifi- 
cant error. It also does notiad#«g$ tiie prob- 
lem where the curve rolls ofl severely near 
the asymptote at Vcc. 

The microcontroller need not solve the ex- 
ponential equation in real time if a lookup 
table is used to map pre-caleulated values to 
each sampled time interval. This scheme al- 
lows the data to be encoded and formatted as 
required by the application while simplify- 
ing the conversion software. Synunetries in 
the data may be exploiled: to reduce the size 
ofthe<Me; 
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The second problem with the RC conversion method is the sub- 
stantial error which results from variations in component val- 
ues. Figure 3 shows an exaggerated vievi' of the variation in the 
voltage on the capacitor due to variations in the values of the 
resistor and capacitor. As shown in the figure, the variation in 
the voltage on the capacitor decreases as the voltage on the ca- 
pacitor decreases. 

The symmetry of the capacitor charge/discharge cycle can be 
exploited to reduce the effect of variations in component values 
on conversion accuracy. This is done by utilizing the charge 
portion of the cycle to measure voltages less than Vcc/2 and the 
discharge portion to measure voltages greater than Vcc/2. The 
worst case error is reduced to the error at Vcc/2. 
Before component values can be assigned, the time interval at 
which the comparator output is to be sampled must be deter- 
mined; The sample interval should be as short as possible to 
maximize converter resolution and minimize conversion time. 
The sample interval is limited by the time required to execute 
the requisite code, which is determined by the clock rate of the 
microcontroller. In the voltmeter application, the microcontrol- 
ler operates with a 12 MHz clock, resulting io a sample.intetval 
of five microseconds. 

The time constant (RC) affects the shape of the capacitor 
charge/discharge waveform. The value of the time coiistant 
must be chosen so that the steepest parts of the waveform are 
resolvable to the desired resolution. The steepest part of the 
charge portion of the waveform ocf^ near the origin, while Ae 



steepest part of the discharge portion occurs near Vcc. Due to 
the symmetry of the waveform, the same time constant may be 
used for measurements made on either portion of the waveform. 
Figure 4 shows an expanded view of the relationship between 
voltage and sample time near the origin. In the figure, AV is the 
desired voltage resolution of the converter and At is the sample 
interval determined previously. The curve labeled 'Vc' repre- 
sents the voltage on the capacitor, which appears linear at this 
scale. In the figure, the slope of the curve is ideal, causing sam- 
pling to occur near the center of the voltage intervals. The slope 
of die curve may be less than shown, but may not be greater, or 
resolution will be lost t^fft^ diat tb^ fir$l,^%uni)le is offset from 
the origin by 1/2 At to vea^xl^ san^ in the, first vol^ge in- 
terval. 

To obtain the minimtmi valtie of fte fime ooiistaift it^eh wtll 
prddud! the required sl^tst ths fScst sampiei salve Sit^atisn 1 
forRC: ■ 

RC = -t/ln(l-Vc/Vcc) (2) 
Then set AV to the minimum desired resolution (0.05-volt), At 
to the sample interval determined previously (five microsec- 
onds), and calculate RC at the first sample point, where Vc = 
l/2AVandt=l/2At; 



Riiiin€tMn ' 



(-l/2)At 



-(1/2)(5.10"*) 



hi[l-{l/2(AV)yVbc] ln[l-(l/2){0.05yVoc] 
= 4.99.10"* 
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The product ofthe values of R md C must not be less than Uie 
ealcifloled nfjoimwi time ccAstUife Utilizing a fesistof> «M a 
one percent tolerance and a capacitor with a five peteeM toler- 
ance: 

(Rnom-l%)(Cnom-5%) > = 4.99.10"*. 

In the voltmeter application, the selected values of R and C are 
267 kilohms and 2 nanofarads, respectively, yielding a mini- 
mum time constant of approximately 5.02. 1 0' . 

An additional constraint is placed on the value of R. Referring 
again to Figure I , note the 5.1 kilohm pullup resistor connected 
to pin 1 1 of the microcontroller. This resistor is present to sup- 
plement the microcontroller's weak internal pullup, but has the 
detrimental effect of changing the time constant of the RC net- 
work during the charge portion of the capacitor charge/dis- 
charge cycle. This produces an asymmetry in the charge/dis- 
charge waveform, which contributes to conversion error. To 
minimize the effect of differences in the capacitor charge and 
discharge paths, the value of R should be chosen to be much 
greater than the value of the pullup resistor. In the voltmeter 
application, the selected value of R is 267 kilohms. which ex- 
ceeds the value of the pullup resistor by more than an order of 
magnitude. 

Fignre 2. Typical Capacitor Charge/Disehiirge Cycle 



of the waveform, the determined value applies to both tiib 
charge and discharge portions of the cycle.' > 
Solving liquation 1 for time yields: 

t = -RC.ln(l-VcWcc). (3) 
Assuming a resolution of 0.05 Volt, the desired capacitor volt- 
age is: 

Vc = Vcc-(1/2X0.05) = Vccfl,p25, 
From Equation 3: 

tmax = -RmaxCmax.ln(l-(Vcc-0.025)A'cc) 

= -(Rnom+ 1 %)(Cnom-H5%)ln(0.025A'cc) 
= -(1.01)(267.io')(1.65)(2.io"®^n(6.(HS/5.0) = 3 ms. 
The minimum number of samples required in the measurement 
loop is determined by calculating the time required for the volt- 
age on the capacitor to reach Vcc/2 and dividing the result by 
the sample intraval. The maximum value of Ae time constant is 
used in the calculation, since the voltage on the c^)acitor rises 
slower when the values of the resistor and capacitor are large. 
Due to the symmetry of Ae capacitor charge/discharge wave- 
form, the determined sample count may be used for measure- 
ments made during either portion of the cycle. 



3. C:q)acitor Volta|e Variation as a Function of 
RC Variation 





The time constant (RC), which is a function of the desired con- 
verter resolution, determines the duration of the capacitor 
charge/discharge cycle. The more time required for the capaci- 
tor to charge and discharge, the greater the number of samples 
required in the measurement loop and the greater the number of 
entries in the lookup table. 

The time required for the capacitor to charge and discharge is 
approximated by calculating the maximum time for the voltage 
on the capacitcH- to rise to within one half of the smallest resolv- 
able voltage interval firom tbeai^Q^i^te. For die charge potto 
of the waveform, the asymptote is at Vcc- Due to the symmetry 



From Equation 3: 

toiax = -RmaxCmax.ln(l-(l/2)Vcc/Vcc) 
= -(Rnom-hl%)(Cnom-H5%)ln{l/2) 
= -(1.01 )(267. 10^)( 1 .05)(2.10"')ln(l/2) 
= 393 ns. 

The minimum ntiih'ber of sampWfbr lialf the cycle is: 

tma,x/ At = (393.10'V(5-I0"') = 79. 

To maximize accuracy, voltages from zero to Vcc/2 are meas- 
ured during the charge portion of the capacitor charge/discharge 
cycle and voltages from Vcc to Vcc/2 are measured during the 



discharge portion of Uie cyde. As a result, the total mimbte of 
entries in the table is twice the number of samples calculated 
previously for each half cycle. 

The lookup table contains application-specific values corre- 
sponding to the calculated voltage at each sample. For each half 
cycle, the Nth entry in the table corresponds to the voltage at t = 
(N-1) At, where At is the sample interval determined previously. 
For the charge half cycle, the voltage at each sample is calcu- 
lated by solving Equation 1 for the time elapsed since the ca- 
pacitor began to charge. For the discharge half cycle, the voltage 
at each sample is calculated by solving the following equation 
for the time elapsed sin^ the oqiacitDr b^sMM^Hi^ 

Vc = Vcc-e"'"'^ ' ^ " (4) 

Figure 4. The Relationship between Voltage and Sample Time 
neartfaeOtigin . 




< At > 

Sample Sample 



The size and contents of the table may vary from application to 
application depending on the sample interval and conversion 
resolution. As the resolution increases, the nun^r of entries in 
the table grows. 

In the voltmeter application, with resolution equal to 0.05 Volt, 
the lookup table contains 158 entries, which is twice the number 
of samples per half cycle calculated above. 
Voltages coiresponding to samples taken during the charge half 
cycle are calculated by replacing 't' with 'N At' in Equation 1, 
whrae N represents the sample number (0-78). By setting At 
equal to the sample interval of S microseconds, R to 267 
kilohms, C to 2 nanofatads, and Vcc to S.OO-volts, Equation 1 
becomes: 

V = 5(I-e''^ (-0093633) -j 

Voltages corresponding to samples taken during the discharge 
half cycle are calculated by replacing 't' with 'N At' in Equation 
4, where N represents the sample number (0-78). Using the 
same values as for the charge half cycle, Equation 4 becomes:^ 

V = 5.e-N( 0093633) J 

An abbreviated list of the voltages calculated for the capacitor 
charee/discharse cycle is shown below. The ordering of the 



ydtages, increasing m the &$t Iralf, deeieasing in the second, 

trKks tbe voltage^ oa caemtm and d^ass the ordning of 

the table ettii^ 

N = V=0.(X)0 

N=l V=0.047 



N = 


74 


V= 2.499 


N = 


75 


V= 2.523 


N = 


76 


V= 2.546 


N = 


77 


V= 2.569 


N - 


78 


V='2.591 


N = 





V= 5.000 


N = 


1 


V= 4.953 


N = 


74 


V= 2.501 


N = 


75 


V= 2.477 


N = 


76 


V= 2.454 


N = 


T7 


V= 2.431 


N = 


78 


V= 2.409 



As shown by the list, the number of samples in each half cycle 
is greater than required to reach the midrange value of 2.500 
Volts. TTiis allows for "fast" cycles which overshoot the nomi- 
nal midrange value before the last sample is taken in each half 
cycle. Note that the diffraence between the calculated voltages 
at samples N=4 and N=l is within the desired resolution of 
0.050-volt, but die difference in voltage between adjacent sam- 
ples decreases as N increases. This reflects the non-linear rela- 
tionship between voltage {Bid time in the circuit. 
The calculated voltages shown in the list are not entered into the 
lookup table, but are used to determine the values of the table 
entries. In the voltmeter application, the calculated voltages are 
rounded to tenths 9f a volt and the result stored in the table in 
packed-BCD form, two digits per byte. Example: the table entry 
corresponding to 2.523-voIts is 25 hex, which displays as 
2.5-volts. 

The voltmeter prototype demonstrated accuracy of +/- one 
count (0. 1 Volt), but accuracy of somewhat less than a tenth of 
a Volt is about the best that can be expected from the RC ana- 
log-to-digital conversion method. Even using precision compo- 
nents, variations in component values may contribute an error 
of +/- 0.104-volt, as shown helow. 

To calculate the worst case error at Vc = 2.5-volts, first deter- 
mine the correspondingt at the ndminal values of R and CtlsiQg 
Equations: 

t = -RnomCnom.ln( 1 -VcA'cc) 
= -RnomCnom.ln(l-2.5/5.0) 
= -RnomCnom.In(0.5). 
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Successive Approximation 
Analog-to-Digital Converter 

This conversion metliod offers good resolution and accuracy 
and a short conversion time at the expense of increased compo' 
nent count. 

Successive approximation (SA) ADCs incorporate a digital-to- 
analog converter (DAC), a comparator and a successive ap- 
proximation register (SAR). The SAR controls the conversion 
by performing a search for the binary code which, when fed to 
the DAC, will produce an output matching the voltage to be 
converted. The comparator compares the DAC output to the un- 
known voltage and returns the result to the SAR. 
The SAR begins the search with the most significant DAC bit, 
which controls the widest output variation, and moves toward 
the least significant bit, causing the DAC output to "zero in" on 
the unknown value. The result of the trial is the binary code 
corresponding to the unknown value. In an eight-bit SA con- 
verter, only eight iterations are required to find the correct bi- 
nary code, resulting in relatively fast conversions. 
In this application (Figure 5). an AT89CX05 1 niicroct)ntroller 
witii an integral analog comparator performs the SAR function 
in software, reducing the component count. The DAC selected 
lor the application is an MC1408-8, eight-bit, current output 
type chosen for its low cost. Seven- and six-bit versions are 
available as the MC 1408-7 and MC 1408-6, respectively. The 
MC1408 series is guaranteed accurate to within +/- 1/2 LSB at 
25 degrees C at a full scale output current of 1.992 milliamps. 
The relative accuracy of the MC1408-8 is better than 0.19%, 
assuring eight-bit monotonicity and linearity. The DAC has an 
output settling time of 300 nanoseconds. 
Figure 5. Successive Approximation Analog-to-Digital Converter 
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Substitute for t in Equation 1 to get minimum Vc: 
Vcmin = Vcc (l-e"^'^ '="^>) 

= Vcc (I 6^°™^°™^™*^™^^*"^^'^^) 
= 5 (l.e'"(0.5V{1.01.1.05)j 

= 2.399 V 
Again, for maximum Vc: 

Vcmax = Vcc (l-e"<^" 

_ Vcc ( 1 e^'^""'" Cnom/Rmin Cimn)Iii(0:S)^ 
_ 5 (,.gln(0.S)/(0.99.0.95)^ 

32.607V 

The results show a variation of 0.208-volts at 2.5-volts, or a 
worst case error of +/- 0.104-volts. The worst case conversion 
error may be further reduced by utilizing components with 
tighter tolerances. Conversion accuracy and linearity are also 
aflected by the characteristics of the capacitor. The capacitor 
used in the voltmeter prototype is a polystyrene film type, which 
not only provides good accuracy, but minimizes error due to 
dielectric absorption and other effects. ' " 

Error sources which have not been examined include: compara- 
tor limitations; asymmetries between the charge and discharge 
portions of the cycle; failure of the voltage on the capacitor to 
reach ground or Vcc; variations in Vcc. The contributions to 
conversion error made by these sources can be expected to in- 
crease error to somewhat more than the value due to component 
tolerances alone. 



The DAC conlains binary-weighted, current-steering switches 
which scale an input current by the applied binary code. The 
input current is derived from an LM336-2.5 precision voltage 
reference and a series resistor. The scaled current output is con- 
verted to a voltage by an LF355B operational amplifier wired as 
a current-to-voltage (W) converter. The LF355B op amp was 
selected for the W converter because of its low input offset 
voltage and high output slew rate. The voltage output of the VW 
converter is fed into the AT89CX05 1 comparator, where it is 
compared to the unknown voltage. When the programmed volt- 
age exceeds the unknown voltage the output of the comparator 
goes high, which is detected by software. A second op amp, 
wired as a non-inverting, unity gain buffer may be inserted be- 
tween the unknown voltage source and the input to the 
AT89CX051 comparator to provide isolation. 
The LM336-2.5 reference provides a nominal 2. 490- volt output 
(Vref). The actual voltage may vary from 2.390-volts to 
2.590-volts. The reference voltage and temperature coefficient 
may be trimmed using the method indicated in the LM336-2.5 
data sheet. The nominal value of the current reference resistor 
(Rref) connected to pin 14 of the DAC is 1240 Ohms, yielding 
a reference current (IreQ of 2.490 V / 1 240 Ohms (Vref/Rref) = 
2.008 milliamps. The eight-bit binary code applied to the DAC 
scales Iref by from 0/256 to 255/256, resulting in a current out- 
put (lo) ol liom zx-ro (Iref.0/256) to 2.000 milliamps (Iref 
.255/256) full scale. Note that the sign of the DAC output cur- 
rent is opposite the sign of the reference (input) current. The 
output voltage is determined by multiplying the DAC output 
current (lo) by the value of the I/V converter gain resistor (Ro). 
Nominal full scale output voltage is 2.000 mA.2500 Ohms (lo 
F.S..Ro) = 5.000-volts. 

The circuit does not provide adjustments for offset or gain. Off- 
set voltage adjustments should not be required, due to the low 
offset voltage specification of the LF355B op amp. If the offset 
voltage must be adjusted, add the offset trim circuit shown in 
the LF355B data sheet. The gain may be changed by changing 
the value of the I/V converter gain resistor (Ro). 
The resistor connected to the non-inverting input of the op amp 
should be of the same value as the gain resistor for input bias 
current balancing. The 1240 Ohm resistor coimected to pin 15 
of the DAC and the 2S00 Ohm resistor connected to pte ttot# at 



the op amp may be eliminated with only a slight decrease in 

performance. 

The MC 1408-8 DAC requires power supplies of -1-5.0- volts and 
-5.0 to -15-volts; +/- 5.0-volt supplies were selected to mini- 
mize power consumption. The LF355B op amp requires bipolar 
supplies between -H/-5.0-volts and -i-/- 15-volts. -5.0-volts was 
selected for the negative rail for compatibility with the DAC, 
but may be replaced with -15-volts, if desired. The positive sup- 
ply was chosen to be -(-15-volts lo allow the limited output 
swing of the op amp to reach the five Volt upper input limit of 
the comparator. 

The speed of the A-to-D conversion is limited by the DAC out- 
put settling time, the slew rate and settling time of the op amp, 
the response time and slew rate of the comparator and the time 
required to execute the successive approximation algorithm. 
The DAC output settling time and the comparator response time 
are negligible compared to op amp delays and the time required 
to execute the SA algorithm, and so may be ignored. The maxi- 
mum voltage step input to the op amp is five volts, which re- 
quires one microsecond to slew and four microseconds to settle 
(see the LF355B data sheet). This delay is accommodated in the 
software; consult the listing for additional information. With a 
12 MHz processor clock and the resulting one microsecond in- 
struction cycle, an eight-bit conversion can be performed in un- 
der 300 microseconds. The unknown input voltage must be held 
constant for the duration of the conversion. 
Obvious disadvantages to the successive approximation analog- 
to-digital converter presented here are the need for bipolar 
power supplies and the large number of microcontroller I/O 
pins required to control the DAC. The -i-15-volt supply could be 
eliminated by replacing the LF355B op amp with a single sup- 
ply, five Volt, functional equivalent with outputs that swing 
rail-to-rail. The number of microcontroller I/O pins required to 
control the DAC could be reduced somewhat by substituting a 
seven or six bit DAC. The parallel input DAC could be replaced 
with a (more expensive) serial input DAC. Alternately, logic 
could be added to accept serial data firom the microcontroller 
and present parallel data to the DAC. 

The software for this application may be obtained by download- 
ing from Atmel's BBS: (408) 436-4309. Consult the comment 
block at the beginning of the source code file for detailed infor- 
mation on features and operation. 
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Interfacing AT24CXX Serial EEPROMs with 
AT89CX051 Microcontrollers 



Serial memory devices offer significant ad- 
vantages over parallel devices in applica- 
tions where lower data transfer rates are ac- 
ceptable. In addition to requiring less board 
space, serial devices allow microcontroller 
I/O pins to be conserved. This is especially 
valuable when adding external memory to 
low pin count microcontrollers such as the 
Atmel AT89C1051 and AT89C2051. 

This application note presents a suite of soft- 
ware routines which may be incorporated 
into a user's application to allow an 
AT89CX051 microcontroller to read and 
write AT24CXX serial EEPROMs. The 
software supports all members of the 
AT24CXX family, and may easily be modi- 
fied for compatibility with any of the Atmel 
8051-code compatible mioncontiollers. 

Hardware 

A typical interconnection between an 
AT89CX051 microcontroller and an 
AT24CXX serial EEPROM is shown in Fig- 
ure 1. As indicated in the figure, up to eight 
members of the AT24CXX family may 
share the bus, utilizing the same two micro- 
controller I/O pins. Each device on the bus 
must have its a0A«ss. ^ipiHfs (AO, Al, A2) 



hard-wired to a unique address. In the fig- 
ure, the first device recognizes address zero 
(AO, A 1 , A2 tied low), while the eighth rec- 
ognizes address seven (AO, Al, A2 tied 
high). Not all members of the AT24CXX 
family recognize ail Ihree address inputs, 
limiting the number ol some devices which 
may be present to less than eight. The exact 
number of devices of each type which may 
share the bus is shown in Table 1. 

Bidirectional Data Transfer 
Protocol 

The Bidirectional Data Transfer Protocol 
utilized by the AT24CXX family allows a 
number of compatible devices to share a 
common two-wire bus. The bus consists of a 
serial clock (SCL) line and a serial data 
(SDA) line. The clock is generated by the 
bus master and data is transmitted serially 
on the data line, most significant bit first, 
synchronized to the clock. The protocol sup- 
ports bidirectional data transfers in eight-bit 
bytes. 

In this application, the microcontroller 
serves as the bus master, initiating all data 
transfers and generating the clock which 
ululates the flow of 'Qie serial ^vices 



Table 1. Atmel's Two- Wire Serial EEPROM Family 



Device 


Size (Bytes) 


Page Size 
(Bytes) 


Max Per Bus 


Addresses 
Used 


AT24C01 


1 K 


8 


1 


None 


AT24C01A 


1 K 


8 


8 


A0,A1 ,A2 


AT24C02 


2K 


8 


8 


A0,A1,A2 


AT24C04 


4K 


16 


4 


A1,A2 


AT24C08 


8K 


16 


2 


A2 


AT24C16 


16 K 


16 


1 


None 


AT24C164 


16 K 


16 


8 


A0,A1,A2 


AT24C32 


32 K 


32 , 8 


A0,A1,A2 


AT24C64 


64K 


32 1 8 


A0,A1,A2 
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SDA 



AT24CXX 
Device? 



present on the bus are considered slaves, accepting or sending 
data in response to orders from the master. 
The bus master initiates a data transfer by generating a start con- 
dition on the bus. This is followed by transmission of a byte 
containing the device address of the intended recipient. The de- 
vice address consists of a four-bit fixed portion and a three-bit 
programmable portion. The fixed portion must match the value 
hard-wired into the slave, while the programmable portion al- 
lows the master to select between ainaximum of eight slaves of 
similar type on the bus. 

AT24CXX serial EEPROMs respond to device addresses with 
a fixed portion equal to '1010' and a programmable portion 
matching the address inputs (AO, Al, A2). Not all members of 
the AT24CXX family examine all three address inputs; Table 1 
shows which of the three address inputs are valid for each mem- 
ber of ihe family. 

The eighth bit in the device address byte specif ies a write or read 
operation. After the eighth bit is transmitted, the master releases 
the data line and generates a ninth clock. If a slave has recog- 
nized the transmitted device address, it will respond to the ninth 
clock by generating an acknowledge condition on the data line. 



A slave which is busy when addressed may not generate an ac- 
knowledge. This is ttue foi' the AT24CXX when a write opera- 
tion is in progress. ' . ■ 
Following receipt of the slave's address acknowledgment, the 
master continues with the data transfer. If a write operation has 
been ordered, the niaster transmits the remaining data, with the 
slave acknowledging receipt of each byte. If the master has or- 
dered a read operation, it releases the data line and clocks in data 
sent by the slave. After each byte is received, the master gener- 
ates an acknowledge condition on the bus. The acknowledge is 
omitted following receipt of the last byte. The master terminates 
all operations by generating a stop condition on the bus. The 
master may also abort a data transfdf'at any 'time by generating 
a stop condition. 

Refer to the AT24CXX family data sheets for detailed informa- 
tion on AT24CXX device operation and Bidirectional Data 
Transfer Protocol bus timing. 

The software for this application may be obtained by download- 
ing from Atmel's BB.S: (408) 436-4309. Consult the comment 
block at the beginning of the source code file for detail^ infor- 
mation on features and operation. 
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Interfacing AT93CXX Serial EEPROI\/ls with 
AT89CX051 Microcontrollers 



Serial memory devices offer significant ad- 
vantages over parallel devices in applica- 
tions where lower data transfer rates are ac- 
ceptable. In addition to requiring less board 
space, serial devices allow microcontroller 
I/O pins to be conserved. This is especially 
valuable when adding external memory to 
low pin count microcontrollers such as the 
Atmel AT89C1051 and AT89C2051. 
This appplicalion note presents a suite of 
software routines which may be incorpo- 
rated into a user's application to allow 
AT89CX05I microcontrollers to read and 
write AT93CXX serial EEPROMs. All 
seven AT93CXX device functions are sup- 
ported: read, write, write all. erase, erase all, 
erase/write enable and erase/write disable. 
The routines are general purpose, supporting 
both eight-bit and sixteen-bit accesses to all 
members of the 93CXX family. In addition, 
both three-wire and four-wire configura- 
tions are snppoited. 



Flgiirel. Thiee-WireConfigurati(m 



□ 
-X- 



XI 

P3.0/RXD 

P3.1/TXD 

P3.2/INT0 

P3.3/ir4T1 

P3.in"0 

P3.5^1 

P3.7 



The AT93CXX may be connected to the 
AT89CX051 microcontroller in either a 
three- wire (Figure I ) or four-wire (Figure 2) 
configuration. In the three-wire configura- 
tion, the EEPROM serial data in (DI) and se- 
rial data out (DO) pins are both connected to 
the same microcontroller I/O pin, thereby 
saving a pin. This is possible because the 
microcontroller I/O pins can be dynamically 
reprogrammcd as input or output. 
Note the strapping of the AT93CXX ORG 
pins shown in Figure 1 and Figure 2. The 
ORG (internal organization) pin selects 
eight-bit data when grounded and sixteen- 
bit data when floating or tied to Vcc. The 
ORG pin connections shown in the figures 
are for illustration only; eight-bit or sixteen- 
bit data may be selected in either the three- 
wire or four-wire configuration. 

The software for this application may be ob- 
tained by downloading from Atmel's BBS: 
(408) 436-4.i()9. Consult the comment block 
at the beginning of the source code file for 
detailed infonaation on feaUses and opera- 
tion. 
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Figure 2. Typical Circuit Configiuatiom 
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Progmmmer Support 



Programming Vendors 



Atmel Corporation works closely with ma- 
jor suppliers of programming equipment 
that support our family of Flash microcon- 
trollers. 

Atmel has a program in place which certi- 
fies the programming vendors, and a com- 
plete list can be found on our Bulletin 
jBoard at (408) 436-4309. This list will be 



updated frequently to reflect additional sup- 
port. 

The following is a list of vendors that cur- 
rently offer support for the Atmel Flash 
based microcontroller family. If a vendor 
of your choice does not appear on this list, 
please contact Atmel at (408) 436-4295, to 
enroll them in Atmel's certification pro- 
-am. 
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Progremmer 


Addrass 


Telephone & Fax 


Programmer Model fa 


Software 
RavMbn # 


Product 


ACD 


Larry Wood 

21018 Northeast g2nd St. 
Redmond. WA 98053 


Tel: 206-868-9444 
Fax: 206-868-9444 








Advantech 


Jiheng Ha 1 
Product Marketing . 
Jeff Cher) 
Business Manager 

tr INO. lUO'J, 

Mirig-Chuan Road 
Shing-Tien City 

idifJHi. itiiwan. n.\j.\j. 


tei: 01 1-886-2-218-4567 
Fax: 011-886-2-218-8478 
BBS: 011-886-2-218-5434 


PC-UPROG from Advantech 
CM3000 from Logical Devices 
g860from Amedcdn. Beltaneoi . 
M1880 from Minato 
OMPRO-II from Datainan 
Labtool-48 


VI .83 
V2.2 
\*1.0 
VI .0 


AT89C51 
AT89C62 
AT89C1051 
AT89C2051 


Advantest 


Osamu Kasama 

77-1 Miyako, Namekawa-cho 

Hikiaunn. Saitama 355. Jaoan 


Tel: 01 1^1^93-56-4433 .. 
Fax: 011-81-493-57-1092 


R4945 VerHOO 




AT89C51 


Advin Systems 


Wing Hui 

1050-L East Duane Avenue 
Sunnyvale, California 940^ 


Tel; 408-243-7000 

Sales: 800-627-2456 
BBS: 408-737-^00 


PILOT-U40 

PlLOT-145 
PILOT-V32 


10,7S|^ 


AT89C51 

AT89C2051 
AT89C1051 


Allen Systsms 


2346 Brandon Road 
Columbus. Ohio 43221 


Tel: 614-488'^7122 


P&:51/11 ' '■ 




AT89C51 


American 
Reliance 






9860 






Ando 

Electranics 


Yoshihiro IHomma | 
4-19-7 Kamata.Ohta-Ku 7 
Tokyo 144. Japan 

7617 Standish Place 
Rockvilie, Maryland 20855 
USA 


Tel: 01 1 4 Si 

Tel: 301-294-3365 
Fax: 301-294-3359 


AF9705 
AF9810 
AF9704 
AF9780 




AT89C51 


AshlInQ Micro 
Systems Inc. 


Michael Healey 
Managing Director 
Plassey Technological Park 
Limerick. Ireland 


1 ei. u 1 1^1- If oy 0/ / o 10 
Fax:011-353-61334477 
EMAIL: ashling @iol.ie 






M 1 oyooi 
AT89C52 


Aval Corp 


Satonj Mikuni 

1-1-2 Manpukuji, Asou-ku, Kawasaki 
Kanaaawa 215. Jaoan 


Tel: 011-81-44-952-1322 
Fax: 011-81-44-952-1332 


PECKER-50 




AT89C51 


B & C 

Microsystems 


Cesar hiemandez 
Application Engineer 
750 North Pastoria Avenue 
Sunnwale. OA d4086 


Toi- dnfl-Tin-*;*;! \ 
1 ei. luo / i3u-oo 1 1 

Fax: 408-730-5521 

BBS: 408-730-2317 


r nU 1 CUO 

(single device) 


3.7P 


AT89C52 


BP 

Microsystems 


Tracy Wilson 

Bill Gates 

Oliver Lazares 

Puarma Murthy 

Mansgor of Software Support 

1 000 N. Post Oak RD., Suite 225 

Houston, Texas 77055-7237 


Tei: 713-688-2620 
Fax:713-688-0920 
Tel: 800-225-2102 
Oliver 

DtSO. / 1 >J*CMV<WsEh9i11P' lO l\BrD 


BP-1 200/40 
EP-1 140 
BP 1148 


2.26 
3.03 
3.05b 
3.08 


AT89C51 
AT89C52 
AT89C2051 
AT89C10S1 




Joe Martielio 

543 North West 77th Street 
Booaiaton, Florida 33487-1523 


Ta|. At\'7 QOil icon 

Fax:407-994-3eiS 


Multitri< 4000 
Multitrk 2000 
Multitrk 1000 




A 1 oaO!3l 


CEIBO 


Leor Weinstein 
Victor Waiman 
Merkazim BIdg, Ind Zone 
SMeksit = 
Herz^Ia, 46120, Istael 

Roly Schwartzman 
7 Edgestone Ct. 
Florissant, MO 63033 


161:011-972*555-^7 
Fax: 011-972-9-5M-297 

Tel: 314-830-4089 
Fax: 314-830-4083 


MP-51 

ET-PIO 4000 
ET-PIC 12000 
(gang programme!^ 
ET-PIC 5000 
ET-PIC 1000 
ET-SEPROG 
ET-PIC 61 


4.14 

1.68 

3.07 
2.1 

1.01 


AT89C51 
AT89C52 
AT89C2051 
AT8901051 


wCiDw uiiilun 


Menachem Kimron 
Rheinslr. 32 
D-64283 Darmstadt 
Germany 


Toi- nn^Q-Ri '\^ -97Rn*; 
Fax; 0049-6151-28540 








Celectronic 


Klaus Leistner 
Volker Czmok 
Nordlichtrasse 63-65 
D-13405 Berlin, Germany 


Tel: 011-030-413-6075 
Fax: 01 1-030-49-913-6098 


Promicron 1000 


5.61 


AT89C51 
AT89C52 
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Programmer Support 



Programmer 


Address 


Telephone & Fax 


Programmer Model #'s 


Software 

Revision # 


Product 


Data l/O Coip 


Vaclav Klimsa 

Keith Miller (Mgr Mfg interfaee) 
Mike Durham (Mfg interface) 
P.O. Box 97946 
10525 Willows Rd NE 
Redmond, Washington 98073-9746 

Susarj Kuenster 
Corporate Communications 


Technical Assistance 800-247-5700 

Service 800-735-6070 "l 

Sales 800- 332-8246 

Susan: 206-867-6884 

Fax: 206-869-7423 

IVIfg: 206-867-6841 

Mike: 206-867-6841 

BBS: 206-882-3211 

KeepCunBnt:206-881-3465 

EMail: Durham@mailgwy.Data- 

I0.COM at CCQATE 


UNISTE site 48 
UNISTE pinsite 
UNISTE 48HS 
2900 (no 5V support) 
3900 

UNISITE chipsite 
Auto site 2500 
Chip Lab-48 
PSX500 
PSX1000 


4.3 
4.7 

3.4 
2.4 

3.0 
3.3 
3.3 
4.9 
4.9 


AT89C51 
AT89C52 

AT89C51 ; 
AT89C52 ' 

AT89C2051 
AiogUIObI 


Pfogiammers, 
LTD 


Gary Comer 

Technical SUf^rt Marrager 
Station Road 
Maiden Newton 
Dorchester. Dorset, DT2 CAE 
United Kinadom 


Tel: 01 1-44-0-1300-320719 
Fax: 011-44-0-1300-321012 
BBS: 011-4-4-0-1300-321095 
Modem:V.34A/.FC/V.32bis 


S4 

S4 MCSS-51 (module) 


1.20 
1.21 


AT89C51 
AT89C52 


.entateqh int. 
Inc. 


Dan Ho 

0N3 19 Stanley St. 
Winfield, IL 60190 
P.O. Box 549 
Villa Park, IL 60181 




PROMA-3 






Elan Digital 
Systems Limited 


Julian Hartridge 
Device Support Engineer 
Little Park Farm Rd. 
Segenswofth West 
Fareham Hants Po15 5SJ 
UK 


Tel: 011-44-489-579-799 
Fax: 01jMfetia^<|16 


6000APS 


K2.07 


AT89C51 


Electronic 

Engineering 

ToSis 


John Kim , 
544 WeddelliDr., Ste. € 
Sunnyvale, OA 94089 

gsh Systemtechnik 
Postfach 600511 
81025 Munchen 


Tel:4Gp-734-8184 
Fax; 4ae^7a4«WS; 

Tel: 089-8343047 
Fax:089-8340448 


ALLMAX 
ALl_MAX PLUS 
PROMAX 


1.6 
2.0 
2.1 


AT89C51 
AT89C52 
AT89C2051 


Electr^nix Corp. 


Jason dinger 

900 South 300 West 

Salt Lake Citv. Utah 841 15 


Tel: 801-486-2825 
Fax: 801-484-9285 


XOSI Programmer 


1.0 


AT89C2051 
AT89C1051 


EHA- Elekronik 


Walter Hacklander 
Hittorfstabe 17 
50735 Koln 


Tel: 01 1-0221-7602252 
FajfiSl 1-0221 -766923 


PROM89S2 


3.0 

.3.0 


AT89C2051 
AT89C1051 


Emiaitsdion 
Tetjhhology 


Don Krenn 

2344 Walsh Ave.,BldgF 
Santa Clara, CA 95051 


Tel: 408-982-0660 xH8 
Fax: 408-932-0664 
BBS: 408-982-9044 


ET-PIC 12000 

ET-PIO 10000 , .. 
ET-PIC 4000 

AS-20-20-01S-e(SOlC to DIP 
nroorammlnij adaaotl 


8.69 

2.3 

3.0" 


AT89C51 
AT89C52 
AT89C2051 
AT89C1061 1 


Ertec 


Hr. Nickel 

Am Pestalozzining 24 
91058 Erianaen 


Tel: 011-49-9131-77000 
Fax:011-49-9131-110010 








GTEK, Inc. 


Cal Edmonds 

RAM# 1916 

399 Highway 90 

Bav St. Louis. MS 39520 


Tel: 601-467-8048 
Fax: 601-467-0935 






AT89C51 


Hi-Lo System 
Research Co., 
LTD 


Grason Kirk 
4F, No. 2, Sec. 5„ 
Ming-Shen E. Rd, 
Taipei. Taiwan ROC 


Tel: 01 1-886-2-7640215/7633931 
Fax: 01 1-886-2-7566403/7601559 
internet: 101400.1555® 
computserve.com -". , - 


ALL03A 

ALL07+ PAC-DIP40 


3.30 
3.33 


AT89C51 ^ 
AT89C52 j 
AT89C2051 
AT89G10S1 . I 


Hi Tools Inc. 


UlafPfeiffer 

2055 Gateway Place, Suite 400 
San Jose. CA 95110 


Tel: 408-481-9486 
Fax: 408-441-9486 








ICE Technology 


Sheila Boakes 

Managing Director - Commercial 
John Lamb 
Technical Support 
Unit 4, Penistone Court 
Station Buildings 

Penistone. S. Yorl<shire 630 SHG UK 


Tel: 01 1-44-01226-767404 
Fax: 01 1-44-01226-3704.34 
BBS: 01 1 -44-01226-761 181 . 


Micromaster 1 000/1 OOOE 
Micromaster LV 


3.07 
3.07 


AT89C51 
ATe9C62 
AT89C1051 
AT89C2051 


International 

Microsystems 

Inc. 


Mason Tom 

Peter A. Schade/ President 
521 Valley Way 
Milpitas. California 95035 


Tel: 408-942-1001 
Fax: 408-842-1051 


Eprom 1 (single device) 
M4016 (gang progtarruror) 


2.64 
2.74 


AT89C51 
AT89C52 


iSYSTEMS 

TheiToDi 

gompar^ 


Hr. Gercf Punsmann 
Einsteinstrasse 5 
85221 Dachau 


Tel: 011-49-08131-25083 
Fax:011-49-08131-14024 
BBS: 011-49-8131-1687 
Email: 10O6S2:42« " ' 
compuserve.com 


iUPSOOO 
SEPROG 


2.5 
5.44 


AT89C51 
ATe9C52 
ATa9C1061 




PnifjiMiiiMr 


Addnn 


Tetophoiw & Fax 


Programmer Model #*s 


Software 
Revision* 


Product 


Leap'UlQctronic 
Co. 


6F, No 4, Lane 609, Sec. 5 
Chung Hsin Rd. 
San Chung City ' 
Taipei Hsien, Taiwan. R.O.C. 
P.O. Box 91-249 Taioei 


Tel: on-oz-ess-iaso 

Fax:011-02-99»«)15 


Leap-UI 
Leaper-5 


3.12 
1.20 


AT89CS2 
AT89C61 


Link Instruments 


Bill Lam 

Sales Manager 

369 Passaic Ave., Suite 100 

Fairfield. N.J. 07004 


Tel: 201-808-8990 
Fax: 201-808-8786 


CLK-3100 (w/ 87SX adaptei) 


4.55 
4.96 
4.98 
4.98 


ATe9C51 
AT89C52 
AT89C1051 
AT89C2051 


Logical Devices 


David Mot 

264 South West 12th Ave. 
Deerfield Beach, Florida 33442 

Bill Hail/ SoAwans Engmeer ' 

JeH Williams 

Conor Mcaleer 

1 30 Capita) Drive, Suite A 

Golden, Colorado 80401 


Tel: 800-331-7766 
Tel: 305-428-6868 
Fax:305-428-1811 
BBS: 305-428-8014 

Tel: 303-279-6868 
Fax: 303-279-6869 
Email: logdev0henge.com 


ALLPRO-Se 
ALLPRO-88/XR 
ALLPRO^O 
GANGPRO-8 

GANGPRO- Sll . 
CM3000 

CHpmaSlgKagae . 


V«f2.4 
ravO 
2.4 
2.5 


AT89C51 
AT89C52 
AT89C2051 
AT89C10S1 


Logical Systems 


Lynn Burko 
PC Box 6184 
Svracuse. NY 13217 


Tel: 315.478-0722 
Fax: 315-475-6753 


PA51-FC( adapter) 
Sunshine EW901BN 




AT89C51 


Magnadata 


HR. Schuster 
Hauptstabe 1 
61389 Schmitton 


Tel: 011-06082-7421615 
Fax:011-06082-7423448 ' 




^ 




Micropross 


5, Rue Denis Papin 
59650 Villeneuve D'Aso] 
France 


Tel: 011-33-204-79040 
011-33-204-79369 


ROM 3000U 






Mid-Tech 

Coinputing. 

DevlGEn 


John Dybowstd 

Technical Daector 

P.O. Box 216 

45MonsonRd. 

Stafford Sfxinos. Conmfcut 


Tel: 203-684-2442 
Fi^^|034M-24« 

w 


2051 Design Center 
Comply design enniiminent 


1.4 
1.4 


ATBgC2051 


MOP BecHonics 


Pat Crowe 
Technical Director 
Unit 2 

Park Road Centre 
Malmesbuiy 
WiltsuireSNieOBX 
Endand 


Tel: 01 1-44-0666-825146 
Fax: 01 1-44-1666^141 

5. 


200P Adapter AOS 
(PLCC pin converter AD45} 
System 2000 (Gang PiograflHnef) 
ModdS2510 


PROMDRIVE 

V8.10 

VB.69 


AT89C51 

ATS9CS2 

AT89C2051 

ATB9C1051 


Mandeno 
Granville 


Jim GramiSe 

128 Grange Rd. Mt. 

Eden 3 

Auckland. New Zealand 


Tel: 011-649-6300-558 
Fax:011-649-6301720 


IOEP2051 


08GX51 
V4,6SB 


AT89C51 
AT89CS2 
ATB9C2051 
AT89C1051 


MCT PR0MA3 


Gilbert 

Almel Hona Kona 










Minato 
Electronics 


Malsatoshi Koyama 
4105 Minami Yamada-cho 
Kouhoku-ku 

Yokohama, Kanagawa 223 
USA 

3628 Madison Ave., Suite 5 
North Hkihiands. CA 95660 


Tel: 011-81-45-591-5611 
Fax:011-81-45-591-6451 

USA 

Tel: 916-348-6066 
Fax: 916-348-0926 


M1880 
1890A 
1891 




AT89C51 


Needham 
Bednnlcs 


Brian Neal 

4630 Beloit Dr. Ste 20 
Sacramento, Calif. 95838 


Tel: 916-924-8037 
Fax: 916-924-8065 
BBS: 916-924-8094 


EMP-20 


VI .45 
VI .92 
V2.16 
V2.16 


ATB9C51 
AT89C52 
AT89C2051 
ATB9C1051 


Omir 


Ringstr 1 1 
Postfach 1104 
D-6798 Kusel 
Germany 


Tel:at1-««MttiMMi 


AP-II 






Phyton inc. 


Issac Gnnberg 
President 

7206 Baypark Way 2nd Floor 
Brooklvn. NY 11204 


Tel: 718-259-3191 
Fax:718-259-3191 
Compuserve: 73232,251 


EBP 


3.3 




Prologic 
Systems 


Franl< Deines 
557-p Burbank St. 
Broomfield. Co fi0020 


Tel: 303-460-0103 
Fax: 303-469-5565 


UNIV-DBM 


15.50 


AT89C52 
AT89C51 


SMSSMbH 


Martin Hinz 
Product Manager 
Im Grund 15 
D-eS^Wangen 
Gefmany 


Tel: 011-49-7522-97280 
Fax:011-49-7522-972850 
BBS: 49-7522-9728-88 


SPRINT EXPERT 
SPRINT OPTIMA 
PLUS 48 
MULTISITE 


C/93 
A95 
B/94 
B/94 
A/95 
A/95 


AT89C51 

AT89LV51 

AT89C52 

AT89LV52 

AT89C2051 

AT89C1051 
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Programnier Support 



Programnter 


Addiwa 


Telephone & Fax 


Programmer Model #'« 


Software 
Rayision # 


Product 


Stag 

f^rogtammers 
LTD. 


Paul Chanel 
Director of Sales 
Silver Court, Watchmwid 
Welwyn Garden City 
Herts AL7tLT UK 

Richard Hough 
^plications Engineer 
Chris Humphreys 
Enaineerina Manaaer 


UK- 011-44-1707-^148 
Fax 011-44-1707"37ia03 


Stag Quasar 1040 
Stag Quasar 1084 
Eclipse (EPU84P PLCC & 
crU4oU moQUISS} 


2.0 

21-12-94 
4.7.29 
4.4.22 
4.12.i!2 


ATSgCSI 
AT89C52 

ATB9C2051 
ATBSCIOSI 


Sunshine 
Systems 


James Huang 
Managing Director 
RM. 304, 3F, No 2, Lane 137 
Sec. 5, Ming Shen E. RD.. 
Taioei. Taiwan. R.O.C. 


Tel:01 1 -02-76337^^660206 
^685370 

Fax: 01 1 •02-866-2-7654065 


EW901BN 
Power 100 


8.32.26 
8.32.26 


AT89C51 
AT89C62 


Sunrise 
Electronics 


Anh Le 

Director of En0neering 
Joe Petralia 
Sales Manager 
675 Brea Canyon Rd. 
Suite 6 

Walnut. California 917M 


Tel: 909.595-7^4 


T-10 

Z*36Bf> (Sang Prognmrnei) 


3.16 

1.4 (gang 

programmer 

3.22 

3.32 

3.32 


AT89C51 

AT89C62 

ATB9C2051 

AT89C1051 


Syst^ Genieral 


Alvin Apvan 
Technical Support 
Tim Morse 
Marketing Sales 
1603 A South Main St. 
Miipitas, Calif. 95035 


Tel: 40&-263-6667 
Fax: 408-262-ES20 
BBS: 408^62-6438 
Sales: 1-800-967-477e 


TURPRO-1/FX{v2.15) 
TURPRO-1 (v2.15) 
TUFiPRO.840 (V2.21B) 


2.21 
2.21 
2.01 
1.19 
2.15 

2.21Slevel 1 
2.21 Swell 


AT89C51 

AT89C52 

AT89C20S1 

AT«SC1Q51 


Strebor 


1008 N Nob Hill Dr. 
America Fori<. UT 84003 


Tel: 801-756-3605 


PtP-Sl 






TeriadyTte 


Dominic Haigh 
2625 Shadelands Dr. 
Walnut Creel<, Caltfomta 


Tel: 510-932-6900 
Fax: 510-932-7965 
Email: WWWmail- 
mktq @ atb.teradvne.c^ii 


Z1S0O Series InclRxili Tester 




ATS9C52 
AT89C61 


Trteal 


Robert Kruger 

44388 S. Grimmer Blvd. 

Fremont, CA 94538 


Tel: 510-623-8859 


FLEX-700 UNIVraiajN. 
TUP-400 UNIVERSAL 
4 QANQ MODULE TUR^IF 
(PDIP) 

TUP-51F-PL(PLCG) 


3.29 

PQM51.EXE 
3.33 

4,22 
3.35 


AT89C51 

ATS9C52 

AT89C20S1 
ATBSCIOSI 


Vail Silicon 
Toohs 


Gabby Green 
Product Marketing 
692 South Military Trail 
Deerfield Beach. Florida 33442 


Tel: 305-570-558880 
Fax:305-428-1811 








Xeftek 


Joo Nam Kim 

2563 Ryder St. 

Santa Clara, CA 95051 


Tel: 408-524-1929 
Fax: 408-245-7084 
BBS: 408-245-7082 


SUPERPHOIl 


2:1 
2.01 
2.2 
2.2A 


AT89C51 
AT89C52 
AT89C2051 
AT89C1051 
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Tool Vendors 



Third Party Tool Vendors 



Atmel Corporation works closely with many 
"third-party" I vendors who provide support 
tools for our wide variety of 80C51 based 
microcontroller derivatives. 
The following is a non-inclusive list of some 
of the vendors that offer support for the At- 
mel AT89C series microcontroller family. 



Any system that supports an 80C51-based 
microcontroller will be compatible with the 
Atmel AT89C series of microcontrollers. 



Mi^Foqontrofler 
Third Party 
Tool Vendors 



5 
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Table i. Third Part)' Tool Vendors 



Company 


Contact Name 


Phone /Fax 


Address 


Product Name 


Description 














ALLEN SYSTEMS 


John Allen r 


Tel: 612-488-7122 


2346 Brandon Road 
Columbus. OH 43221 


Little Byte-51/ 
PB-51/11 


8051 -based 
Single board 
computer 


AMERICAN ARIUM 


Jeff Acampora; 
VP Sales & 
MkSng 


Tel: 714-731-1661 


14281 Chambers Road, 
Tustin, CA 92680 






APPUWARE 
ELEKROMlCQinMH 

'. ' • < ; 


Hr./^^oric^Bals 


Tel: 011-49-8061- 
90940 

BBS: 011-49-8061- 
377190 

Fax:011-49-8061- 
37298 


Westend Strasse - 4 83043 
Bad Aibllng, Gennany 


A1CE51 


Emulator/Software/ 

Debugger/ 

C-Compiler/ 

Programmer 

Development 

Kits/Eval 

Boards/Modules 


ASHLING 

MICROSYSTEMS, 

LTD 


Michael Haaly 


Tel: 011-353-61-33-44- 

66 

Fax: 011-353-61-33- 
4477 

Email: ashling@iol.ie 
Tel: 011-49-08202- 
1276 

Fax: 01 1-49-08202- 
8745 


Plassey Technological Park, 
Limerick, Ireland 

Waldstrbe 18 

8651 Baindlklrch, Germany 




Emuiator/Sofiware 


BRENDES 
DATENTECHNIK 


Hr. Dr. Brendes 


Tel: 49-531-506499 

Fax:49-531-606499 


Lebacher Strasse 122 
381 16 Braunschwweig, 
Germany 




Emulator 


BVG ELECTRONIC 


Hr. Montanus 


Tel: 49-81 06-5794 
Fax: 49-8106-33921 


Karl-Bohm-Strasse 137 
85598 Baldham, Germany 






CACTUS LOGIC 


Joel Lagerquist 


Tel: 800-347-1998 


180 North Venedo Ave., 
Pasedena, CA91107 






CIEBO 


Hr. Kimron 


Tel: 49-61 51 -27505 
Fax:49-6151-28540 


Rhein Strasse 32 

64283 Darmstadt, G«many 




Emulator/Software 


CEIBO ITD 




Tel: 617-853-9927 








CMX Company 


MarkMoran 


Tel: 508-872-7675 
Fax: 508-620-6828 


5 Grant St, Ste. C 
Framingham, MA 01701 


STIMGATE 


Soft Emulator-new 
productivity tool for 
embedded 
processors 


DEEMAX 




Tel: 886-35-723311 


Taiwan 






DR. KROHN & STILLER 


Mr. Maihoafner 
Dr. Krohn 


Tel: 49-89-61-00-0012 
Tel: 49-89-61-00-0011 
Fax:49-89-61-00-0099 


Ottobrunner Strasse 28, 
D-82008 Unterhachlng, 
Germany 


E8 


Emulator/Software 


EMBEDDED SYSTEM 
PRODUCTS. INC 


Ron Hodge 

Rhonda 

Waizecha 

i 

f 


Tel: 713-728-9688 
Tel: 800-525-4302 
Fax:713-728-1049 
Email: 

Saleseesphou.com 


11501 CMmneyRock, 
Houstori, TX 77035-^00 


RTXC 
RTXCio 
RTXCfile 
RTXCnet 


Multitasking O.S. 

Input'Output 

Subsystem 

DOS compatible file 

system 

Real-time 

Networking 

including TCP/IP 

protocols 


EMULATION 
TECHNOLOGY INC. 


Don Krenn 


Tel: 800-995-4381 
Fax: 408-982-0664 


2344 Walsh Ave. 
BIdg. F 

Santa Clara, CA 95051 




Emulator/Software 


ENGELMANN & 
SCHRADER 




Tel: 49-05148-286 
Fax: 49-05148-853 


Am Fuhrengehege 2 
29351 Eldlngen, Gefitiany 




Emulator/Software 


HI-LO SYSTEMS 
RESEARCH CO.. LTD 


1 


Tel: 886-2-7640215 


Taiwan 




Device 
Programmer 
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Tool Vendors 



Table 1. Third Party Tool Vendors (continued) 



Company 


Contact Name 


Phone / Fax 


Address 


Product Name 


Description 


HITEX 


Mr. Otterstaetter 


Tel: 49-721-9628-181 


Greschbach Strasse 12, 




Emulator 


SYSTEMENTWICKLUNG 
GmbH 


Hr. Christoph 


Fax: 49-721-9628140 


0-76229 Karlsruhe, 
Germany 






Hwn^yitLE 

MiCHUSYSTcMS, INC 


Jim Ben 


Tel: 205-881-6005 

CTau. one ooo o^f\^ 

rax: 205-882-6701 


3322 South Memorial 
Pari<way, Bldg. 500, 
Huntsville, AL 35801 




Emulatai/SoHiHare 


•SYSTEMS 


Hr. Punsmann 


Tel: 49-08131-25083 
Fax:49-08131-14024 


Einstein Strasse 5, 
85221 Dachau 




Emulator/Software 


IWASAKt 

ELECTRONICS CO, 
LTD 




Tel: 81-3-863-3025 


Japan . • ■ ■' 




/, 


KONTRON 




Tel: 49-08165-77444 
Fax: 49-08165-77128 


Osl<ar-von-Milier-Strasse 
85386 Ecliing, Germany 






LAUTERBACH 
DATENTECHNIK 




Tel: 49-08104-889430 
Fax: 49-081 04-894349 


Ficliten Strasse 27 
85649 Hofolding, Gemiany 




Emulator 


LINDNER 

ELECTRONICS, INC 




Tel: 603-523-9005 


PO Box 68, 
Canaan, NH 03741 




Programmer for the 
AT89C51 


MANDENO 
GRANVILLE 


Jim Granville 


Tel: 64-9-6300-558 


128 Grange Rd, Mt. Eden 3, 
Aui<land, New Zealand 


ICEP2051 


Development station 
forthe AT89C2051 


METAUINK CORP 


Jack 

Blankenship 


Tel: 602-926-0797 

Tel: 49-8091-2046 
Fax: 49-8091-2386 


325 East Elliot Rd., Suite 23, 
Chandler, AZ 85225 

Westring 2 

85614 Kirchseeon, Gennany 




Emulator 


MICRO TIME 




Tel: 886-2-88-11791 


Taiwan 




p— r^-^-^^T'T-TT 


INTERNATIONAL 


Kevin Jagia 


Tot- Rm fiAR TQIQ 

X449 


Juuu iNonnvvBST ^, 
11th Terrace, 
Hillburough, OR 97124 






MIDTECH 

COMPUTING 

DEVICES 


Jolin Dybowski 


Tel: 203-684-2442 
Fax: 203^684-2443 


45 Monson Road 
Stafford Springs, CT 


2051 Design 
Center 


AT89C20S1 
dsvaippment syst^ 


NONAUCORP- 

NOHAU DANMARK 


Bill Malsumoto 


Tel: 408-866-1820 

Tel: 43-44-60-10 
Fax: 43-44-60-20 


51 East Campbell Ave., 
Suite 144, 

Campbell, CA 95008 




,(<• ■ 


NOHAU ELEKRONIK 
GmbH GERMANY 




Tel: 49-7043-40247 
Fax: 49-7043-40521 


Goethe Strasse 4 
75433 Maulbronn 






NOHAU UK LTD 




Tel: 0962-733-140 
Fax: 0962-735-408 








NOHAU ELEKTRONIK 
SWEDEN 




Tel: 040-92-24-25 
Fax:040-96-81-61 








ORION 

INSTHUMEMTTS 


Ken Schoggins: 
do Macrotom 


Tel: 415-327-8800 
Fax: 415-327-9881 

Tel: 011-49-89-42080 


180 Independent Drive, 
Menio Parte, CA 94025 

Stahlgruberring 2 

81804 MQnchen, Gennany 




Emulator 


RAINSO^INA^iCE 


Roth 


Tel: 011-49-8144- 
1536 

Fax:011-49-8144- 
1535 


Wald Strasse )£ 

82284 Gisfst^rjQennahy 






RHOMBUS 




Tei: 803-676-0012 
Fax:803-676-0015 


P.O. Box 871 
Mauldin, SC 29662 


20S1-PD 


AT89C2051 

Development 

System 



Company 


Contact Name 


Phone / Fax 


Address 


Product Name 


Description 


SIGNUM SYSTEMS 


Jerry 

Lewandowski 
Donald Mull 


Tel: 805-371-4608 
Fax: 805-371-4610 

Tel: 510-353-1616 
Fax: 5T(>aS3-1618 


171 East Thousand Oaks 
Blvd., Suite #202, 
Thousand Oaks, CA 91360 

200 Brown Rd. #26 
Fremont, CA94S39 


USP-51 


Emulator Base Unit, 
20 Mhz, 

128K memory, 32K 
*80 Trace Buffer 




Bonacker 


Tel: 49-7244-94012 
Fax:49-7244-92128 


Rohracksnmg tl 7629Z 
Stutenssa, Geman/ 


POI>61 


Probe for 8XC51/52, 
80C31/32, AT89C51 


SOPHIA SYSTEMS 
AND TECHNOLOGY/ 
Sales Oept 


DavM Fraemire 
Mr.Kohno 
Nr. Santen 


Tel: 415-493-6700 
Fax: 415-493-4648 

Tel: 813-33487001 
Fax:813-3348-2446 

Tel: 49-721-377044 
Fax: 49-721-377241 


777 California Ave., 
Palo Alto, CA 94304 

NSBIdg., 2-4-1, 
Nishi-Shinjuku, Tokyo, Japan 

Postfach 2928 

76016 Karlsruhe, Germany 


IP2813R 


Emu^r 


SUNSHINE 


C/0 Innotton 


Tel: 886-2-7660206 

Tel: 49-20240526 
Fax: 49-20240522 


Taiwan 

Nesselberg Strasse 1 
42349 Wuppertal, Germany 




Emulator/Software 


U. S. SOFTWARE 


Don Dunslan 


Tel: 503-641-8446 ' 
Tel: 800-356-7097 
Fax; 503-644-2413 


4215 Northem West 
Science Park Drive 
Portland, OR 97229 




Emulator 


TRANSFERTECH 


Hr. Pogrzeba 


Tel: 49-531-890255 
Fax:49-531-890355 


Cyrlaksring 9a 
38118 Braunschweig, 
Germany 


FCM-8051 


Emulator 
Fuzzy- SW 


UNILAB 


Buddy Baker 


Tel: 514-630-4600 
Fax: 514-630-4680 


235 Place Frantenac 
Pointe-Claire, PQ, Canada 
H9R4Z7 


UNILAB 


8051 Development 
System 


VAfL SILICON TOOLS 


Product 
Marketing: 
Gabby Green 


Tel: 305-570-5580 
Fax: 305-428-1811 


692 South Military Trail, 
Deerfield Beach, FL 33442 






WHYMON 


Hr. Brugger 


Tel: 49-0041 -41- 

852212 
Fax: 49-0041-41- 

85238 


CH-5734 Relnach, 
Germany 




Emulator/Software 








■ 






hOVLETT- PACKARD 


John Marshall 
PME 

Hr. Walcamm 


Tel: 800-447-3282 
Tel: 719-590-5985 
Fax: 7t9-S90-S0S4 

Tel: 49-07031-146513 
Fax: 49-07031-146429 


1900 Garden of the Gods 
Road, CSO CO 80901; 
PO 80X2197, 
CSO CO 80901-2197 

Schickard Strasse 2 
71004 Boblingen, Germany 


HP1660 Family 

HP16500 

HPE24158 


Emulator/Software 
Logic Analyzer 
Frame for 8051 
Logic Analyzer 
Family SOCSli, 
Preprocesspr 




Chuck Small 
Product 
Marketing 
Engineer 


Tel: 719-590-2006 
rax. / 1 H-ooU^ouo'fr 


1 900 Garden of the Gods 

nOau, LfOU \AJ OUaU 1 , 

PO Box 2197, 

CSO CO 80901-2197 


HP647886 


- " -t.' - 11 


TEI«li(»IIX; INC 


Steve Mass; 
Technical 
Support Center 


Tel: 800-426-2200 
Fax: 503^690-3959 


1 8700 Northwest Walker 
Rd., BIdg. 94 Dock, 
Aloha, OR 97006 




-V . 
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Table 1. Third Party Tool Vendors (continued) 



Company 


Contact Name 


Phone / Fax 


Address 


Product Name 


Description 


JOETWARi DEVELOPERS . 










8500 A.D. SOFTWARE 


Vicky Beske 


Tel: 800-843-8144 
Fax: 719-395-8206 
Tel: 719-395-8683 


lOSBiDokdaleAve., 
BuenaVistB, CO 81211 


8051 C Compiler 


C Compiler 
Includes: macro 
cross assembler, 
linker, librarian, 
high level simulator/ 
debugger and dbject 
libraries 


APPUWARE 


Hr. Helnrtch Bals 


Tel: 011-49-8061- 

90940 

BBS: 011-49-8061- 
377190 

Fax:011-49-8061- 
37298 


Westend Stras^ - 4 83043 
Bad Alblln;;, @ciAnany 


WORKS-51 
WORKS PLUS-51 


Integrated 
Devlopment 
Environment (IDE), 
HLL Debugger, C- 
Compiler, Macro 
assembler. 
Simulator complete 
development packs 


ARCHIMEDES 
SOFTWARE 


TimdtiyiW^ 


Tel: 800-338-1453 
Tel: 206-822-6300 
Fax:2QB-82Z7S632 


303 Park Place Canter 
Suite G 

KiTkland,WA 98033 


C-8051PCS.0 

Sim8051PC 5 


C-Cross Compiler kit 
for the MCS-51 

family 

Simulator/debugger 
ianiiiy 


AVOCET SYSTEMS, 
INC 


Tony Taytor 


Tel: 800-448-8500 
Tel: 207-236-9055 
Fax: 207-236-6713 

K' . 


P.O. Box 490 
120 Union St., 
Rookpott, MA 04856 


AvCase II 8051 

Avocet C 

AVA51 
AVS51 

AVSIM51 


Development pkg 
includes: C compiler 
Macro assembler, 
source level 
simulator, remote 
monitor debugger 

C Compiler/ 

Cloocl 1 lUlcl 

Macro Assembler 

C Source level 

simulator 

Assembly level 
simulator 


BSC/TASKING 




Tel: 800-458-8276 


128 Tectinology Center 
P.O. Box 9164 
Wattham, MA 02254-9164 




C Compiler 




ShEdlul Qar(|eya 


Tel: 617-320-9400 

Tel: 49-7152-979910 
Fax: 49-7152-9799120 


Norfolk Place, 333 Elm St., 
Dedham, MA 02026-4530 

Steinbeis Strasse 4 
71229 Leonberg, Germany 




Software 


BINARTECHNOLOQY 


BobOeksiak 


Tel: 508-369-9556 
Fax: 508-369-9549 


463 Autumm Lane, 
Carlisle, MA 01741; 
PO Box 541, 
Carlisle, MA 01741 






BYTE-BOS- 
INTEGRATED 
SYSTEMS 


Craig Raid 


Tel: 800-788-7288 
Fax: 714-851-2267 


451 ZunI Drive, 
Delmar.CA 92014 




Multitask^ OS. 



jUlDEL 




^««^ iiliiig 



Table 1. Third Party Tool Vendors (continued) 



Company 


Contact Name 


Phone / Fax 


Address 


Product Name 


Description 


CMP TOOLS, INC 


Kan Anderson 


Tel: 905-274-6244 
Fax: 905-891-2715 


1 232 Stavebank Rd., 
Mississauga. Ontario, 
Canada, L5G2V2 


ChlpView-SI 


Simulator/ 
ROM Debugger 


CIMETRICS 
TECHNOLOGY 


Conray Wharff 


Tel: 617-350-7550 
Fax: 617-350-7552 


55 Temple Place 
Boston, MA 02111-1300 


9-Bit Solution 
Network 


RS-485 
Tools/HW/SW 


CMX COMPANY 


Charles 

Behmiann 

Prasiddnt 


Tel: 508-872-7675 
Fax: 508-620-6828 


5 Grant St. Ste C 
Framingham, MA 01701 


CMX-RTX 
CMX-TINY+ 

OMa- I INT 


Real Time 
Multitasking O.S. 


DRUMLIN 




Tel: B18-24M60Q 
rax: 810-Z44-4Z46 


3447 Ocean View Bhrd., 
uienaaie, oa ut^uo 




Software Fiindil6nal 
Libraries 


DUNFIELD 
DEVELOPMENT 

bYb 1 bMb 


DavaDunteld 


Tel: 613-256-5820 
Fax: 613-256-5821 
BBS: 613-256-6289 


P.O.Box 31044 
Nepan, Ontario, 
Canada K2B 8S8 


EMIL)^ 


Stmutator/Emulator 
C Compiler 


EMULATION 
TECHNOLOGY 


Robert Diaz 


Tel: 408-982-0660 
Fax: 408- 982-0664 


2344 Walsh Ave, BIdg. F, 
Santa Clara, OA 95051 




Adapters 


EMBEDDED SYSTEM 
PRODUCT 


Ron Hoc^e 


Tel: 713-728-9688 
Fax: 713-728-1049 


11501 Chimney Rock, 
Houston, TX 77035-2900 




R.T. Kemal/ 
Operating System 


EDI . 


Ktllos.Kra8!i,hack 


Tel: 702-735-4997 
Fax: 702-735-8339 




Socket Adaptor 




FORTH, INC 


Steve Agaiwal 


Tel: 800-55-FORTH 
Fax: 310-318-7130 


1 1 1 North Sepulveda Blvd., 
Msnhsttsn Bo&ch 
CA 90266 


Chip Forth 


Compiler/ 

Multi-Tasking Kernel 


FRANKLIN 
SOFTWARE, INC. 


RhettD. Rowan 

General 

Manasar 


Tel: 408-296-8051 

Fax: 408-296-8061 
BBS: 408-296-8060 
24HR Info: 408-296- 
8056 

Sales: 800-880-8051 
CompuServe: 
75442,1423 
Intemet: 

fslnfoefslnc.com 


888 Saratoga Ave., 
SuitB#2, 

San Jose, CA 95129 


A51 

C51 

DK51 

PK51 

RTX-51 


Macro assembler, 
complete kit with 
editor, linker, 
librarian, and 
include files. 
C compiler kit 
Developers kit 
Professional 
Developers kit 
Real Time Executive 


lAR SYSTEMS 

\ 

1 


Nadin 

Sahehayed 

Michael Ohman 


Tel: 415-765-5500 

Fax:415-765-5503 

Tel: 011-4618-167800 
Fax: 011.^18-167838 


One Maritime Plaza 

San Francisco, CA 941 1 1 

P.O. Box 23051 S-750 23 

Uppsala, Sweden 


ICC8051 

C58051 

Embedded work 
bench 


lAR C-Cross 

Compiler 

C-SPY 

Simulater/Debugger 
Windows based C- 
Compiler for 8051 


INFORM SOFTWARE 
CORP 


WMngkeeMIn 


Tel: 708-866-1838 
Fax: 708-866-1 839 


1840 Oak Ave., 
Evenston. IL 60201 




Fuzzy S/W 
Development 


INTERMETRICS 

MICROSYSTEMS 

SOFTWARE 


Marty Stolz 
Technical 
Support 
Scott Tatiel 
Marketing V.P. 


Tel: 617-661-0072 
Fax: 617-868-2843 
Fax: 617-868-2518 


733 Concord Ave., 
Cambridge, MA 02138 


White Smiths 


Compiler/Assembler/L 

inker/Programmer 

Utaities 


Iota SYSTEMS 


Steve Motts 


Tel: 702-831-6302 
Fax: 702-831 -4629 


924 Incline Way, Suitff N, 

Incline Villiage, 
NV 89450 






ITT POIUinMA 


Rnh Dnirior 
DUU r UlilOl 


Fax: 909-629-3317 


Pomona, CA 91766-3835 




Adapters 


KEIL ELEKTRONIK 




Tel: 49-89-465057 
Fax: 49-89-468162 


Bretonischeer Ring 1 5 
85630 Grasbrunn, Germany 




Software 


KEIL SOFTWARE 




Tel: 214-735-8052 
Fax: 214-735-8055 


16990 Dallas Parkway 
Suite 120 
Dallas, TX 75248 






KYLE 






Germany 




C Compiler 


SYNOPSIS LOGIC 
MODELING 


Technkal 
Support 


Tel: 800-445-1888 
Fax: 503- 690- 6906 


19500 Northwest GIbbs Dr., 
Beavertoni OR 97006 




Device Simulation 
Model ibrSOSI 



5^14 Tool Vendors h^^^h 





■HHMHH Tool Vendors 



Table 1. Third Party Tool Vendcns (continued) 



Company 


Contact Name 


Ptione / Fax 


Address 


Product Name 


Description 


MDL Labs( NEW 
MICROS, INC); 
interpreter requires 
3rd timer 


Ray Lavender 


Tel: 614-431-2675 
Fax:614-431-2675 


1073 Limberlost Ct., 
ColomtHis,OH4323S 






MICRO VIEW 


Andrew 


Tel: 408-356-4221 






S/W Debugger/ 
Code Analyzer 


NEW MICROS 


JoeGelz 


Tel: 214-339-2204 
Fax: 214-339-1S8S 


1601 CtialkHilRd., 
Dallas, TX 75212 




Evaiuatkm Board 


PRODI jnnnN 
LANGUAGES CORP 
(PLC) 


Josllua 
Kuanfung 


Tnl* R17-^QQ-A'4fi'^ 
1 Ol. O 1 ( 099 OOuO 

Tel: 800-525-6289 
Fax: 817-599-5098 
Internet 
pkxxpeaolxxm 


P r~l Rny 1 no 
r.\J. DUX IU9 

200 Cochran Rd., 
Weatheilbid, 7X76086 




Macro 

Assembier/Linker/Obj 
ect/Librarian/ANSI C- 
compiler, Source 
Level 

Debugger/Simulator, 
ROM moniter, IDE 
Online 

Documentatkm, 
Programmer's Editer. 


QUANTASM CORP 


MikeSchmIt 


Tel: 800-765-8086 
Fax: 408-2447268 


1 9672 Stevens Creek Blvd., 

Suite 397, 

Cupertino, CA 95014 




Assembly Language 
Flowcharter 


REICHMANN MICROC 
OMPUTER 


Hr. Reichmann 


Tel: 49-7141-71042 
Fax:49-7141-75312 


Planck Strasse 3 

71691 Freiberg, Germany 


HTC-51 


ANSI-C 
Development 
package: C 
compiler, Macro 
Assembler, Remote 
Monitor Debugger, 
Library Source, Tools 


3M 


BobSostiay 


Tel: 800-225-5373 
Fax: 1-800-325-5329 


6801 River Place Blvd., 
Austin, TX 78726-9000 
Electronk: Products 




Sockets 


U.S. SOFTWARE 


DonDunslan 


Tel: 800-356-7097 
Tel: 503-641-8446 
Fax:503-644-2413 


4215 Norlherwest Science 
Park Drive, 
Portland, OR 97229 


SupeiTOBk 

USFiIss 

GOFAST 


Real-time OS and 
associated tools 

Real-time 

networking including 
TCP/IP protocols 

DOS compatibile file 
system 

Single and double 

precision floating 
point library 


UNIVERSAL CROSS 
ASSEMBLERS 


Peter Astra 


Voice: 506-849-8952 
Fax:50&847-0681 


9 Westminster Drive, 

Quispamsis, 

MB Canada E2E 2V4 


Cras9-32 
Meta-AssamUer 


DOS or Windows 
assembler 


WICi^HAUSER 


Jurgen 

Wickentiauser 


Tel: 49-721-98849-0 
Fax: 49-721-886807 


Rastatter Strasse 144 
76199 Karlsnjtie, Germany 




Software 
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Tools Support 



8051 Family In-Circuit Emulator 



The EMUL5 r"-PC is a high performance 
in-circuit emulator specifically designed to 
provide an optimal environment for 8051 
family microcontroller hardware and soft- 
ware development. The EMUL51™-PC 
consists of a board which plugs directly into 
the IBM PC/XT/AT bus. An optional Trace 
board features advanced trace functioning 
with sophisticated trigger capabilities. The 
POD, which plugs into the target system, is 
connected to the emulator board with a 5 ft. 
ribbon cable for operating range llcxibilKy. 
Optionally, an RS-232 box can be used 
which communicates with the PC at up to 
U5K baud. Yet another option, the 
LanlCE, allows the EMUL5 1 ™-PC t run 
on workstations such as SUN or HP. 

The World's Most Popular 
8051 Emulator 

Since its introduction 1986, Nohau has de- 
livered over 10,000 EMUL51™-PC emu- 
lators. Each emulator is often used in sev- 
eral projects where different 8051 deriva- 
tives are needed. Only a change of the probe 
is required when a new dmvative needs 
emulation support. 

Choice of Different User 
Interfaces 

Early in the evolution of the EMDL51™- 
PC's user interface, it became clear that 
each customer has different opinions of 
how they would like the interface to work 
and what features were important to them. 
One of the three main user interface choices 
for the EMUL51™-PC is Microsoft Win- 
dows 3.x. The other two are ChipView's 
Borland keypress compatible and Nohau's 
OHginal puU-down/eommand line version. 



Hosted on PCs and 
Workstations 

The emulator was designed to be plugged 
into a full size PC/AT style slot The op- 
tional trace needs a seeonisli^ lliese same 
boards can also be supplied in an "RS-232 
box" which communicates with the PC over 
a standard COM port. To use the 
aiUL51™-PC on Windows worksta- 
tions such as SUN or HP, the Nohau 
LanlCE is availagble. Because LanlCE uses 
a high speed (10 Mbit/seeond) local area 
network, not ojly can it be placed far away 
from the workstatibii but it maintains the 
relatively high code loading speed of the 
Nohau emulators plugged into your PC on 
your desk top. LanlCE also supports per- 
sonal computers on a tietwork. 

Real Time Trace 

The EMUL51™-PC offers trace features 
not found in other emulators. The trace 
buffer can record up to 256K bus cycles 
with 64 bits of data. The trace can be oper- 
ated "on-the-fly" which means that it can be 
viewed, programmed and retriggered with- 
out disturbing program execution. With the 
trace setup menu you can define what 
events are to be stored in the trace buffer. 
The real-time trace can be stopped (trig- 
gered) at a selected event or after a combi- 
nation of multiple events. 
For additional information please contact: 
Nohau Corporation 
51 E. Campbell Avenue 
Campbell, CA 95008 
TEL: 408-866-1820 
FAX: 408-378-7869 
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Figure 1. EMUL51 
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Mid-Tech's AT89C2051 Design Center includes everything support Atmel's 20-pin processor family, the 205 1 Design Cen- 
you need to take your design from simulation, through target ter delivers features and capabilities normally found only in 
degugging, to standalone operation. Specifically designed to much more expensive development systems. 



Figure 2. AT89C2051 Design Center 




Target Debugger Board with Build-in Flash 

Programmer 

Operating under control of a "windowed" PC control program, 
a high speed serial link provides nearly instantaneous comnnuni- 
cation to the target system. The result is a friendly, truly interac- 
tive, development environment. A ZIF programming site and 
resident flash algorithms provide full programming support fyr 
the AT89C 105 1 and AT89C205 1 . 



AT89C2051 Family Simulator, Target 
System Debugger, and Assembler 

The simulator runs stand-alone on a PC and also lets you include 
the target's physical I/O lines, timers, serial port, etc. in your 
simulation. The target system debugger gives you complete con- 
trol over the system under develoopment and featiu'es a user in- 
teiftce identic^ to that of the simulator. 
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Features Include: 

• Single-step, multi-step, animate, and high-speed execution 
modes. 

• Simultaneous on-screen displays of program disassembly, 
data memory, and CPU registers. 

• Full screen editors for CPU registers, special function regis- 
ters, data and program memories. 

• Multiple breakpoints are transparent to the user program. 

• Serial I/O may be displayed in a window on the PC or can be 
redirected to the tmget system. 



• Prototyping Board and AT89C2051 Included 

• The 2051 Design Center includes an AT89C2051 prototyp- 
ing board with built-in power supply and large pad-per-hole 
prototyping area, AT89C205 1 processor included. 

• Priced at,$299.95 for the full-up system. 
For additional information jdeas? contfict: 
Mid-Tech Computing Devices 

P.O. Box 218 

Stafford, CT 06075 

TEL: 203-684-2442 . 



lceP2051 Emulator/ReProgrammer 



The IceP205 1 Emulator / ReProgrammer is a complete develop- 
ment station for the Atmel Flash AT89C1051 and AT89C205I 
microcontrollers. It is a full speed, RAM based ICE, intended 
for full product developments. Unlike other systems, IceP2051 
does not rely on PC Simulation, nor require you to erase/pro- 
gram a chip with each iteration. The Edit As^iti|teJB^!g 
takes just a few seconds. 



When your code is tested/optimised, the programmer can be 
used for your volume production. 

If you are using the older OTP technology, or a single sourced 
uC core, &sre are cross migration toots to assist porting your 
code. ^' 



Figure 3. IceP205 1 Emulator / ReProgrammer 



illHL 






The DbgX51 debugger has a multi, scalable window display, 
and fast 'text editor' style operation. To change any location, 
just place the cursor, and edit. 

Multiple breakpoints, and Step, Skip, GotoHere debug com- 
mands are supported. This exmnple shows DbgXSl / lEeP0251 




running the optional Modular? odn(piler - code illustrated is the 
multi i2c library. 

Dbg2051.ZIP - Demo of IeeP205 1 Debugger. 
En v205 1 .ZIP - Demo of IeeP205 1 environment. 
IceP2051.^ - Both of the above, ftill system demo. 



File 

110 -. 



EdH Anemblt Vim Bmal^ ''J^^Xf-','-^ 

= Prosram code ^^^^^^^^=^=^^^=^^= 



(0031) IFSbut l2e(PS5S3 Wt)THEN 

(P03F) Sand Be(Wiq^ 

(D043) Sand l2c(IO \Mua): 
(0047) 
(0049) 

(— ) ENDl 

(004D) Stopjlei 



(• inr eoncnl* R/W aillh LSB or Addnn 
(•MitaMmn*) 
(• wit* OMtB Be RAM •) 



== Bmniii4Mb(i^tM4MndMeaniiwll» 

Registers 1 [ dIsasseMbly 



PC 0000 CA0RRO1P 
PSW CO 11000000 
SP 26 ra:2680 

A .00 00000000 

B T- -"000000 

D; :],-,oO:0, 24 FF 



0039 7A AO MOV R2,#A0 
003B310A ACALL 01 OA 
003D 50 OE JNC 004D 
003F 7A 40 MOV R2,#4D 

0001 11 B3 ACALL OOBS 

0040 AA. 22 l^flOv' R2,22 

Slr89C2051 



90 PI FF 11111111 b P1.7 P1.6 P1^ P1.4 PU 

BO P3 FF 11111111 b — TD T1 INT1 

as TCON 00 00000000 b TF1 mi TFO TRO IE1 ITI 

n TMOD 00 00000000 GATEI C/TI Ml MO GATE« 



Int. data 

06: 09 14 00 00 00 9F 

OC: 8F FF 9F SD 00 F6 

12: 7F SE 7F FF CF 5F 

18: EO F6 DF 7E 9F 6F 

IE: 1F 4F 00 F6 ZF 5E 

24: 7F 80 26 3A 83 00 



PI J P1.1 P1.0 

INTO IXD RXD 

lEO m 

C/TO HI MO 



CHK12C ClundButrw -> Mm,* 



HEX 



lceP2051 

• Full ICE + ReProgrammer for the Atmel Flash 20-Pin vari- 
ants ( 40.44 With adaptor ) 

• Real Time, RAM based, Emulation (including the Analog 
Comparitor ) 

• Full screen Debug, 'Borland' style interface, Multi Win- 
dowed, direct editing 

• Full SFR symbolic B'^TE-BIT displayi for r!q>id learning 
Hmer Uart Interrupt debug 



• Source lc\'el Debug, and Mixed language Source debug, al- 
lowing .ASM.,C, Modula-2 source codes to be mixed 

• Chip Prog step is NOT part of the development loop 

• Complete package - Assembler / Linker / Debugger / Editor 
included 

• Optional adaptors for SOL20, and DIP40/PLCC44 

• Special cross platform migration support included and added 
to Assembler 



Programmer Features 

• FAST RAM based production programmer - 1 .2Sec / KByte, 
(Era.se. Vfy. Secure included!) 

. Single Key, Erase Program Verify Secure of AT89C1051, 
AT89C2051, AT89C51, AT89C52 Atmel Flash microcon- 
trollers 

• Chips programmed counter 

• Mis-socket and incorrect part detection 

• Mechanically supported SOL adaptor 

• Smart program algorithm, for fastest possible pgm cycle 
times 



For additional information please contact: 

Mandeno Granville Electronics Ltd: 80x51 Tools Specialists. 

128 Grange Rd 

Auckland 3 New Zealand 

TEL: 64-9 -6300-558 

FAX: 64-9-6301-720 
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2051-PD Programmer Downloader & I/O Simulator 



Features 

• Fast, Simple, Download & Run - No Change In Charac- 
teristics - No Loss of Features 

The 2051-PD offers the simplicity and speed you need for devel- 
oping small programs. From the simple Command Line to see- 
ing the results of an Intel hex file running on the Target typically 
takes less than 6 sees. And that includes checksum verification. 
In addition, the 205 1-PD follows two ideals needed for a smooth 
transition to stand-alone operation: 

• It preserves the true diaract^isttcs and ^eciid features of the 
89C2051 microcontroller f 

• It allows the code to run in the same memory locations as 

needed for the stand-alone Target system. 
It is PC hosted through a RS232 port, and in turn it runs the 
Target board through its microcontroller socket. By taking ad- 
vantage of the 205 1's flash memory and ease of re-program- 
ming, this arrangement offers the speed and convenience of a 
ROM Emulator even though working with an internal memory 
device. In addition, once the download is complete, a Command 
Line Option allows tbe same PC port to be automatically , 



switched to the Target for its own use. This is especially useful 
if the Target board does not require an RS232 interface yet one 
is desired to assist in the actual development, or production test- 
ing. 

Another valuable use for this existing connection to the PC, is 
with the optional 'Dunfield Developments' Simulator Package. 
This fast PC Simulator (150,000 instr/sec with 386/25) can op- 
tionally pass all I/O related instructions to the Target's 2051 for 
execution. This allows running the application code in a crash- 
proof PC environment, with all register and memory data readily 
available, yet still seeing the interaction with the actual Target 
H/W. The Dunfield S/W package also includes an Assembler, 
and a Monitor Debugger intended for larger memory versions of 
the 5 1 . The Simulator on its own is sufSca^ieasoB for pindias- 
ing this option. 

The 2051-PD comes complete with its own S/W for program- 
ming and downloading a 6 ft. 9 pin PC serial cable, a 9-25 pin 
adapter, Target flat cable, and power supplyfor shipments to the 
U.S. and Canada. 



Figures. 2051-PD 



Tenninology definitions for the 2051 -PD: 

Programmer: The progranuniiig and verifying of the internal 
Plash memory and the setting of lock bits 
Downloader: The loading and running of code at fiill speed on 
an identical uC connected through the Target socket 
I/O Simulator: As for (he Downloader, but with the code re- 
stricted to those instructions that operate on the uC port pins. 
All other instructions are simulated by the PC. The I/O code will 
always execute at less than full speed. Requires the optional 
Dunfield Simulator Package 



Tedinical 

• Measures 4" x 3" 

. Accepts 13-20VDC or 10-15VAC 

• 3 pin oscillator socket for Xtals or C/Resonators 
. RS232 includes RTS/Jfrom K) & CTS (to PC) 

• Green Status LED signals PowerUp, Run, Program 

• Red LEDs indicate To/From PC 

. Cmd/Line options LB 1/2, COM#, ConnPt, Vrfy, ChkS, 
Color 



Proto/Evaiuation Board® for the 2081 



2051 Distinguishing Features 





Evaluate Using 


Relative to other 51s 


P1 


P2 


'^OtsnAsinkeapEtbility i. :<>! < 




X 


Analog Comparator 


X 


X 


Relative to other <=20 Pin uCs 






On board UART 


X 


X 


Multiplication & Division 




X 



Both the 2051 -PI & P2 demonstrate a 1 capacitor 3 resistor A/D 
convenor using the analog comparator built into the 
AT89C2051. Also included are a RS-232 interface, a prototype 
area with screw tominals, and a precision 3 terminal voltage 
regulator. 

Additionally, the 205 1 -P2 demonstrates the 20mA sink capabil- 
ity of the AT89C2051 with a high intensity 4 digit display using 
only 6 I/O pins and consuming only 2% CPU time at IlMHz 
clock speed. 



For additional infoimation please contact: 

Rhombus 

P.O. Box 871 

Mauldin, SO Z9662 

TEL: 803-676-0012 

FAX: 803-676-0015 
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SCE-51 SingleChip Emulation 



Features 

• Creates ROM/RAM .Bnanlator for 51 faniily siagle-cfaip mi- 
cro-controllers 

• Additional memory space available for debug sAw , 

• Works with all 51 family variants 

• No loss of specialized functions ^ 



Why SingleChip? 



Gain 18 more VO pins 

High MHz. without concern for timing 

Reduce baord size 

Increase reliability "-^ ' 



Figure?. SCE 51 



Until now, low cost development toots such as ROM Emulators 
and S/W Debuggo^, could only be used with 5 1 Family Micro- 
processors that were operating in expanded mode and using ex- 
ternal memory. That has now changed thatks to SCE-51. 
SCE-51 is a 2.4" by 3.2" assembly that plugs directly into the 
Single-Chip Micro-Controller socket and creates a 32K 
ROM/RAM Emulator. The extra memory provides sufficient 
space for both the Application code and Debug S/W. At the 
same time, SCE-Sl maintains the availability of the 18 extra 
Port pins created by Single-Chip operation. Those two impor- 
tant functions give SCE-5 1 the most valuable features of a Sin- 
gle-Chip 'ICE', but at a fraction of its cost. 
Another plus when compared to an 'ICE' is thai one device cov- 
ers all 40/44 pin variants of the 51 Family. And all specialized 
functions of each variant are retained. Simply install a PLCC 
version of the specific 51 to be emulated into SCE-51 and select 
a PLCC or DIP adapter to suit the Target socket. 
Thanks to SCE-5 1 you no longer pay a premium for Single-Chip 
development, and no longer need volume production to share 
those costs. Make your next application Single-Chip with the 
help of SCE-51. 



Technical , 

• Access lime = 15 ns + SRAM access (optional 10 ns) 

• TTL and CMOS compatible 

• Quiet 4 layer PGB 

• Powered by Single-Chip Socket (100 mA at 5 'V 25 MHz) 

• Includes cable plus choice of 40 DIP or 44 PLCC adapter 
. Installed height 3.5" ■Width 2.4" 

• Connects to PC printer port 

• Supports Intel HEX file format 

• Command line loader with memory map options 

Note: The 18 Port Pins normally allocated to expanded memory 
will be restricted to byte wide Read & Write operations 
during Emulation. 

For additional information please contact: 

Rhombus 

P.O. Box 871 

Mauldin, SO 29662 

TEL: 803-676-0012 

FAX: 803-676-0015 



SOIC to DIP Programming Adapter for AT89C1 051/2051 



The programming adapter will convert the 20-pin SOIC down t6 For additional infoftnation pitease eohtacl: 

a 20-pin DIP. It is a universal adapter which works on any pro- Emulation Technology 

grairmier. This adapter can be ordered as part number AS-20-20- 2344 Walsh Ave, Bldg. F 

OlS-6 from Emul^on Technology. Santa Clara, OA 9505 1 

TEL: 408-982-0660 

For emulation purposes an adapta is available which envies ^ns aai aiw 

usage of a 20-pin DIP to a 20-pin SOIC footprint. The surface *08-982-9044 
mount ad^)ter can be oid^ as AS-DIP.3-(^0-S003-l. 



^ Tools Support 



ATABX051 



Features 

• Compatible with 40-pin MCS-51™ socltets 

• Compatible with !n-circuit-emulators witli 40-pin soclcets 

• 32 Programmable I/O lines or 15 Programmable I/O Lines 



Description'^' 

Atmel' s 20- to 40-pin adapter board is for use in designing AT89C1 05 1/AT89C205 1 systems. 
The ATABX051 maps the pins on the 20-pin device to the corresponding pin locations in a 
40-pin 80C5 1 footprint. Customers can use this board to adapt existing in-circuit-emulators 
for use in AT89CIO51/AT89C2051 designs (note that a comparator must also be added for 
full emulation) or to plug in 40-pin 80C5 1 devices into 20-pin AT89C 1 05 1/AT89C205 1 sock- 
et. In additioii, die bqaid can be used to ads^t the 20-pin footprint toanexisting 40-pin socket. 



Pin Configurations 



PDIP/SOIC 
20-Pin 



RST C 1 
(RXD) P3.0 q 2 
3 
4 
5 
6 
7 



'(TXD) P3.1 C 
XTAL2 C 

XTAL1 C 

( INTO ) P3.2 C 
(INTI) P3.3 C 
(TO) P3.4 c 
'(T1) P3.5 C 
QND C 



(2), 



□ vcc 

□ PI .7 

□ P1.6 

□ PI. 5 

□ PI .4 

□ P1.3 

□ P1.2 

3 P1.1 (AIN1) 
3 P1.0 (AINO) 

□ P3.7 



P1.0 

"(TSEX) P1.1 
PI. 2 
PI. 3 
Pt.4 
PI .5 
PI. 6 
PI. 7 
RST 
(RXD) P3.0 
(TXD) P3.1 
(IRTS) P3.Z 
(iNTi) P3.3 C 
(TO) P3.4 C 
(Tl) P3.5 C 
(Wfl) P3.6 C 
(fiD) P3.7 C 
XTAL2 C 
XTALl C 
QND C 




3 VCC 

□ PO.O (ADO) 
II P0.1 (ADl) 

□ PO-2 (AD2i 

□ P0.3 (ADS) 

□ P0.4 (AD4) 

□ P0.5 {AD5) 

□ P0.6 (AD6) 

□ P0.7 (AD?) 
D EA/VPP 

□ ALE/P ROG 

□ PSEN 

□ P2.7 (A15) 

□ P2.6 (A14) 

□ P2.5 (A13) 
P2.4 (A12) 
P2.3 (A11) 

□ P2.2 (A10) 

□ P2.1 (A8) 
3 P2.Q (A8) 



Microcontroller 
Two Way 
Adaptor Board 




Notes: 1 . This adapter cannot be used with progranuners for programming purposes. Although 

the pins are defined the same in operation mode, the pin definitions and algorithms are diffa- -i 
eat from the AT89C5I in programming mode. 

2. Rns (RxD) P3.0, (TxD) P3.1, and (Tl) P3.5 are AT89C20S] pins (BilyibmnQlifiw 
AT89C10S1. 

3. Hns (T2) Pl.O and {T2EX) Pl.l are AT89C52 pins only. 



(B7SB 



ABX051 Two Way Adapter Board 



^1 1.10" 1 




Board Characteristics 

1. Holes: .040 Diameter; Plated 

2. Material: .063 Thick FR4; lOZ Gopper 

3. Finish: SMOBC 

4. Soldramask bodi sides per artwork 



Ordering Information 

Contact the lead Atmel Sales Repr^ntative fordvailabili^ and ordering iidbrmation. 



ATABX051 



Microcontroller Product Information 



General Arclil^^ife 




Microcontroller Data Sheets 




Microcontroller Application Notes 




Programmer Support/Development Tools 




Microcontroller Cross-Reference 


■ 


Paclcage Outlines 




Miscellaneous Information 
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Microcontroller Cross-Reference Guide 



Microcontroller AUiEevia^Cros»fiefe9r«»iilse^S^ ; v .>. 





Intel 


Atmel 2 - ' ) 


PART 


MCS-51 








NUMBER 


i80C31 


no program store 


AT89C51 


4 Kbytes of FLASH & 128 bytes of RAM 




i80C51 


4 Kbytes of ROM & 128>bytss of RAM 


AT89C51 


4 Kbvtes of FLASH & 128 bvtes of RAM 




187051 


4 Kbytes of EPROM & 128 bytes of 
RAM 


AT89C51 


4 Kbytes of FLASH & 128 bytes of RAM 




i80C52 


8 Kbvtes of ROM & 256 bvtes of RAt^ 


AT89C52 


8 Kbvtes ol FLASH & 256 bvtes of RAM . 




i87C52 


8 Kbytes of EPROM & 256 bytes of 
RAM 


AT89C52 


8 Kbytes of FLASH & 256 l>ytm of.RAM 


PACKAGE 

- 


D 
P 
N 

S 


CERDIP 
PDIP 
PLCC 
PQFP - 


D 
P 
J 

Q 


CERDIP 
FDIP ' 
PLCC 
PQFQ 




Phillps/Signetlcs 


Atmel 




#Gx80C31 


bytes of ROM & 128 bytas^f'RAKI ' 


ATB9CS1 


4 Kbytes oi FtASH & 128 bytes of RAM 


NUMBER 


SC80C31 


bytes of ROM & 128 bytes of RAM 


AT89C51 


4 Kbytes of FLASH & 1 28 bytes of RAM 




PCXB0C51 


4 Kbvtes of ROM & 128 bvtes of RAM 


AT89C51 


4 Kbvtes of FLASH & 1 28 bvtes of RAM 




5C?PQ51 


4 Kbytes Of BOM & 129 bytes ?f BAM 


AT89C51 


4 Kbvtes of FLASH & 128 bytes of RAM 




SC87C51 


4 Kbytes of EPROM & 128 bytes of 

RAM 


AT89C51 


4 Kbytes of FLASH & 128 bytes of RAM 




P80C32 


bvtes of ROM & 256 bvtes of RAM 


AT89C52 


8 Kbvtes of FLASH & 256 bvtes of RAM 




P80C52 


8 Kbvtes of ROM & 256 bvtes of RAM 


AT89C52 


8 Kbvtes of FLASH & 256 bvtes of RAM 




P87C52 


8 Kbytes of EPROM & 256 bytes of 
RAM 


AT89C52 


8 Kbytes of FLASH & 256 bytes of RAM 




S83C752 


2 Kbvtes of ROM & 64 bvtes of RAM 


AT89C2CISr 


2 Kbvtes of FLASH & 1 28 bvtes of RAM 




S87C752 


2 Kbytes of EPROM & 64 bytes of RAM 


AT89C2051* 


2 Kbvtes of FLASH & 128 bvtes of RAM 




S83C751 


2 Kbvtes of ROM & 64 bvtes of RAM 


AT89C205r 


2 Kbvtes of FLASH & 128 bvtes of RAM 




SB7C751 


2 Kbvtes of EPROM & 64 bytes of RAM 


ATsscaosr 


2 Kbytes of FLASH & 128 bvtes of RAM 




S83C7S0 


1 Kbvte of ROM & 64 bvtes of RAM , 


AT89C10S1' 


1 Kbvte of FLASH & 64 bvtes of RAM 




S87C750 


1 Kt)ytsofEPBOtt.*Mi?mo»BAM 


AT89CU)S1* 


1 Kbyte offy,SH& 64 bytes of RAM_ 


PACKAGE 


F 
N 
A 
K 
B 


CERDIP 

PDIP 

PLCC 

LCC 

PQFQ 


S 
D 
P 
J 
L 
Q 


SOIC (89raOS1 only) 

CERDIP 

PDIP 

PLCC 

LCC 

PQFQ • 




AMD 


Atmel 


PART 


8751 


4 Kbytes of EPROM & 128 bytes of 
RAM 


AT89C51 


4 Kbytes of FLASH & 1 28 bytes of RAM 


NUMBER 


87C51 


4 Kbytes of EPROM & 128 bytes of 
RAM 


AT89C51 


4 Kbytes of FLASH & 128 bytes of RAM 




87C52T2 


8 Kbytes of EPROM & 256 bytes of 
RAM 


AT89C52 


8 Kbytes of FLASH & 256 bytes of RAM 


PACKAGE 


D 
P 
J 

L ■ ' 


CERDIP 
PDIP 
PLCC 
LCC 


D 
P 
J 
L 


CERDIP 

PDIP - , 

PLCC 

LCC 



* Indicates Atmel similar function and not direct replacement/socket compatible 



Microcontroller Abbreviated €rc&s41eferertGe Guide (continued) 



PART 
NUMBER 

PACKAGE 

PART 

PACKAGE 

PART 
NUMBER 


Siemens 


Atmel 


SAB8051 


4 Kbytes of ROM & 128 bytes of RAM 


AT89C51 


4 Kbytes of FLASH & 128 bytes of RAM 


SAB8031 


bytes of ROM & 1 28 bytes of RAM 


AT89C51 


4 Kbytes of FLASH & 1 28 bytes of RAM 


SAB8052 


8 Kbvtes of ROM & 256 bvtes of RAM 


AT89C52 


8 Kbytes of FLASH & 256 bvtes of RAM 


SAB8032 


bvtes of ROM & 256 bvtes of RAM 


AT89C52 


8 Kbvtes of FLASH & 256 bvtes of RAM 


SABC501-1R 


8 Kbvtes of ROM & 256 bytes of RAM 


AT89C52 


8 Kbvtes of FLASH & 256 bvtes of RAM 


SABCS01-L 


bvtes of ROM & 256 EMMai.ftMil ' 




8 Kbvtes of FLASH & 2S6li»tss ofRAM 


P PDIP 
N PLCC 


P PDIP 

J PLCC 


Matra 


Atmel 


80C31 


bytes of ROM & 1 28 bytes of RAM 


AT89C51 


4 Kbytes of FLASH & 128 bytes of RAM 


80C61 


4 Kbytes of ROM & 128 bytes of RAM 


AT89C51 


4 Kbytes of FLASH & 1 28 bytes of RAM 


80C32 


bvtes of ROM & 256 bvtes of RAM 


AT89C52 


8 Kbvtes of FLASH & 256 bvtes of RAM 


80C52 


8 Kbvtes of ROM & 256 bvtes of RAM 


ATB9C52 


8 Kbvtes of FLASH & 256 bvtes of RAM 


D CERDIP 
P PDIP 
S PLCC 

R LCC . 
V' PQFQ 
T TQFP_ 


D CERDIP ,j 
P PDIP 
J PLCC 

L LCC i 
Q PQFQ 1 
A TQFP , ' 


Dallas 


Atmel 


DS5000FP 


bytes of ROM & 128 bytes of RAM 


AT89C51 


4 Kbytes of FLASH & 128 bytes of RAM ^ 


DS5001FP 


bytes of ROM & 128 bytes of RAM 


AT89C51 


4 Kbytes of FLASH & 128 bytes of RAM i 


DS5000 


8 Kbvtes of ROM & 256 bvtes of RAM 


AT89C52 


8 Kbvtes of FLASH & 256 bytes of RAM 


DS5000T 


8 Kbvtes of ROM & 256 bvtes of RAM 


AT89C52 


8 Kbvtes of FLASH & 256 bvtes of RAM 


DS2250 


8 Kbvtes of ROM & 256 bvtes of RAM 


AT89C52 


8 Kbvtes of FLASH & 256 bvtes of RAM 


DS2250T 


8 Kbvtes of ROM & 256 bvtes of RAM 


AT89C52 


8 Kbvtes of FLASH & 256 bvtes of RAM 




PART 
NUMBER 

PACKAGE 


Microchip 


Atmel 


PIC16C54 


512 bytes EPROM & 32 bytes of RAM 


AT89C2051* 


2 Kbytes of FLASH & 128 bytes of RAM 


PIC16C54A 


512 bytes EPROM & 32 bytes of RAM 


AT89C2051* 


2 Kbytes of FLASH & 128 bytes of RAM 


PIC16LC54AA 


512 bytes EPROM & 32 bvtes of RAM 


AT89C2051* 


2 Kbytes of FLASH & 128 bvtes of RAM 


PIC16CRS7A 


512 bvtes EPROM & 32 bvtes of RAM 


AT89C2051* 


2 Kbytes of FLASH & 128 bytes of RAM 


PIC16CLR57A 


51 2 bvtes EPROM & 32 bvtes of RAM 


AT89C2051* 


2 Kbvtes of FLASH & 128 bytes of RAM 


PIC16C55 


512 bvtes EPROM & 32 bvtes of RAM 


AT89C205r 


2 Kbvtes of FLASH & 1 28 bvtes of RAM 


PIC16C56 


1 Kbvte EPROM & 32 bvtes of RAM 


AT89C2051* 


2 Kbvtes of FLASH & 128 bvtes of RAM 


PIC16C57 


2 Kbvtes EPROM & 80 bvtes of RAM 


AT89C205r 


2 Kbytes of FLASH & 1 28 bvtes of RAM 


PIC1BC71 


512 bvtes EPROM & 32 bvtes of RAM 


AT89C205r 


2 Kbytes of FLASH & 1 28 bvtes of RAM 


l«iCl6LC71 


512 bvtes EPROM & 32 bvtes of RAM 


AT89C205r 


2 Kbvtes of FLASH & 128 bvtes of RAM 


PIC16C84 


51 2 bvtes EPROM & 32 buies of RAM 




2 Kbvtes of FLS^ & 128 bi^ RAM = 


PIC16LC84 


51 2 bvtes EPROM & 32 bvlss of RAM 


ATB9C2051* 


2 Kbvtes of FLASH & 128 Mi ' 


JW CERDIP 
P PDIP 
|P^ _^ -3 ^'^^^ 

S SOIC 

ss SSOP 


S SOIC " 

P PDIP ' 

W DIE 



* Indicates Atmel similar function and not direct replacement/socl<et compatible 

m Microcontroller Cross-|i€iemnc&»©ijjile 



.Jii®focontroll^r Cross-Reference Guide 



Microcontroller Abbrevialail jDftliltitt^til^e Guide (coiiii^LlBei) 



PART 
NUMBER 


Zilog 


Atmel 


Z86C0B 


2 Kbytes of ROM & 124 bytes of RAM 


AT89C2051' 


2 Kbytes of FLASH & 128 bytes of RAM 


Z86E08 


2 Kbytes of ROM & 124 bytes of RAM 


AT89C2051* 


2 Kbytes of FLASH & 128 bytes of RAM 


Z86C09 


2 Kbvtes of ROM & 1 24 bvtes of RAM 


AT89C2051" 


2 Kbvtes of FLASH & 128 bvtes of RAM 




Z86C19 


2 Kbvtes of ROM & 124 bvtes of RAM 


AT89C2051* 


2 Kbvtes of FLASH & 128 bvtes of RAM 


Z86E09 


2 Kbytes of ROM & 124 bytes of RAM 


AT89C2051- 


2 Kbytes of FLASH & 128 bvtes of RAM 


Z86C17 


2 Kbvtes of ROM & 124 bvtes of RAM 


AT89G2051* 


2 Kbvtes of FLASH & 128 bvtes of RAM 


Z86L06 


1 Kbyte of ROM & 1 24 bvtes of RAM 


AT89C1051* 


1 Kbvte of FLASH & 64 bvtes of RAM 


Z86L29 


6 Kbytes of ROM & 124 bytes of RAM 


AT89C2051* 


2 Kbytes of FLASH & 1 28 bvtes of RAM 


Z86C06 


1 Kbyte of ROM & 124 bytes of RAM 


AT89C105r 


1 Kbyte of FLASH & 64 bvtes of RAM 


Z86E09 


1 Kbyte of ROM & 124 bvtes of RAM 


AT89C105r 


1 Kbvte of FLASH & 64 bvtes of RAM 


Z86C08 


2 Kbvtes of ROM & 1 24 bvtes of RAM 


AT89C2051* 


2 Kbvtes of FLASH & 1 28 bvtes of RAM 


Z86E08 


2 Kbvtes of ROM & 1 24 bvtes of RAM 


AT89C2051* 


2 Kbvtes of FLASH & 128 bvtes ol RAM 


Z86C30 


4 Kbvtes of ROM & 236 bvtes of RAM 


AT89C2051- 


2 Kbvtes of FLASH & 1 28 bvtes of RAM 


Z86E30 


4 Kbvtes of ROM & 236 bvtes of RAM 


AT89C205r 


2 Kbytes of FLASH & 128 bvtes of RAM 


Z86C40 


4,KbytB%^>f BOM & 236 byt^i^ pf RAM 


AT89p20Sr 


2 Kt>ytW P(fH4SH & 129 MMgf mA 


Z86E40 


4 KIwtMQi SOM & 236 IMesof RAM 


AT89C2051* 


2 kbvtes of FLASH & 128 bvtes of BAM 
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* Indicates Atmel similar function and not direct replacement^socket compatible 



AMD 


Atmel 


Part DescriDtion 


Soeed 


Pka 


TemD 


ErnOM 


Bl ACU 

rLAon 














P8031AH-18 


AT89C51-20PC 


R RIT MIPROrnNTRni 1 FR 


4 


KR R ASH 


20 MHz 


PDIP 


COM 


D8031AH-18 


ATB9C51-20DC 


R RIT ^^l^R^p^^iTRnl i fh 


4 


KR Fl ac;h 


20 MHz 


CERDIP 


COM 


N8031AH-18 


AT89C51-20JC 


8 RIT MICROnONTROI 1 FR 


4 


KB FL ASH 


20 MHz 


PLCC 


COM 


P8031AH-15 


AT89C51-20PC 


8 RIT MinRnnniMTROI 1 FR 


4 


KR Fl ASH 


20 MHz 


PDIP 


COM 


D8031AH-15 


AT89C51-20DC 


R RIT MinRonnNTRni i fr 


4 


KR Fl ASH 


20 MHz 


CERDIP 


COM 


N8031AH-15 


AT89C51-20JC 


R RIT MirROOnNTRni 1 FR 


4 


KR Fl ASH 


20 MHz 


PLCC 


COM 


P8031 AH 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


D8031AH 


AT89C51-20DC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


CERDIP 


COM 


N8031AH 


AT89C51-20JC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


COM 


ID8031AHB 


AT89C51-20DI 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


CERDIP 


IND 


D8751H 


AT89C51-20DC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


CERDIP 


COM 


R8751H 


AT89C51-20JC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


COM 


ID8751 H 


AT89C51-20DI 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


CERDIP 


IND 


IDB751HB 


AT89C51-20DI 


8 BIT MtCROCONTROLLER 


4 


KB FLASH 


20 MHz 


CERDIP 


IND 


P80C51 BH 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


D80CS1BH 


■Af89C51-20DC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


CERDIP 


COM 


N80C51BH 


AT69C51-20JC 


fl RIT MICROnONTROl LFB ' 


4 


KB Fl A^H 


20 MHz 


PLCC 


COM 


P80C51BH-1 


AT89C51-20PC 




4 


KR Fl A^N 


20 MHz 


PDIP 


COM 


D80C51BH-1 


AT89C51-20DC 


ft RIT MIPPOPOfJTRni 1 PR 


4 


KR Fl AQM 


20 MHz 


CERDIP 


COM 


N80C51BH-1 


AT89C51-20JC 


ft RIT MIPRnPnWTRDI 1 FR 


4 


KR Fl A<^l-I 


20 MHz 


PLCC 


COM 


P80C31BH 


AT89C51-20PC 


o Dl 1 MIOnUOUlN 1 nULLtPl 


4 


l^p CI ACU 


20 MHz 


PDIP 


COM 


D80C31BH 


AT89C51-20DC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


CERDIP 


COM 


N80C31BH 


AT89C51-20JC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


COM 


P80C31BH-1 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


D80C31BH-1 


AT8gCS1-20DC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


CERDIP 


COM 


N80C31BH-1 


ATB9C51 -20JC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


COM 














Intel 


Atmel 






Pka 


TemD 


UV trriUM 


CI ACU 

rLASn 














D87C51 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


D87C51-2 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


TD87C51 


AT89C51-20PI 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


IND 


D87C51-1 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


D87C51-20 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


\J 1 r 
















N87C51 


AT89C51-20JC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


COM 


N87C51-2 


AT89C51-20JC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


COM 


P87C51 


AT89CS1-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


P87C51-2 


AT8gC51-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


S87CS1 


AT89C51-20QC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


POFP 


COM 


S87C51-2 


AT89C51 -20QC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PQFP 


COM 


TN87C51 


AT89C51-20JI 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


IND 


TP87C51 


AT89C51-20PI 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


IND 


N87C51-1 


AT89C51-20JC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


COM 


P87C51-1 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


S87C51-1 


AT89C51-20QC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PQFP 


COM 


N87C51-20 


AT89C51-20JC 


a BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


COM 


P87C51 -20 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB PUSH 


20 MHz 


PDIP 


COM 


S87C51-20 


AT89C51-20C1C 


8 BIT MICROCONTROLLER 


4 


Iffi FLASH 


20 MHz 


PQFP 


COM 


MDnM 
MKUM 
















N80CS1BH 


AT89C51-20JC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


COM 


N80C51BH-2 


AT89C51-20JC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


COM 


P80C51BH 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


P80C51BH-2 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


S80C51BH 


AT89C51-20QC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PQFP 


COM 


S80C51BH-2 


AT89C51-20QC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PQFP 


COM 


TN0C51BH 


AT89C51-20JI 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


IND 


TP80CS1BH 


AT89C51-20PI 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


IND 


N80C51BH-1 


AT89C51-20JC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


COM 


P80C51BH-1 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


COM 


S80CS1BH-1 


AT89C51-20C)C 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PQFP 


COM 


TNKG61«H-1 


AT89CS1-2QJI 


8 BIT MICROCONTROLLER 


4 


KB FLASH 


20 MHz 


PLCC 


IND 


TraocsiBH-i 


ATB9C51-20PI 


8 BIT MICROOOtiTTROLLER 


4 


KB FLASH 


20 MHz 


PDIP 


IND 
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AT89C51 NHteroiSfMititHler ISetailed €M«s<«Re^f«ice @uide (@9r^ 



Matra 


Atmel 


Part DescriDtion 


_ 




1 GITID 


ROM 


FLASH 


















A P 80C51 F -1 


AT89C51-20PA 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


AUTO 


A P 80C51 F -S 


AT89C51-20PA 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


AUTO 


A P 80C51 F 


AT89C51-20PA 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


AUTO 


A S 80C51 F -1 


AT89C51-20JA 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


AUTO 


A S 80C51 F -S 


AT89CS1-20JA 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


AUTO 


A S 80C51 F 


AT89C51-20JA 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


AUTO 


AT80C51 F-1 


ATB9C51-20AA 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


AUTO 


A T 80C51 F -S 


AT89C51-20AA 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


AUTO 


AT80C51 F 


AT89C51-20AA 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


AUTO 


A V 80C51 F -1 


AT89C51-20QA 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


AUTO 


A V 80CS1 F -S 


AT89C51-20QA 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


AUTO 


A V 80C51 F 


AT89C51-20QA 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


AUTO 


1 P 80C51 F -25 


AT89C51-24PI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz 


PDIP 


IND 


1 P 80C51 F -1 


AT89C51-20PI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


IND 


1 P 80C51 F -L 


AT89LV51-16PI 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


16 MHz 


PDIP 


IND 


1 P 80C51 F -L 


AT89LV51-20PI 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


IND 


1 P 80C51 F -S 


AT89C51-20PI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


IND 


1 P 80C51 F 


AT89C51-20PI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


IND 


1 S 80C51 F -25 


AT89C51-24JI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz 


PLCC 


IND 


1 S 80C51 F -1 


AT89C51-20JI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


IND 


1 S 80C51 F -L 


AT89LV51-16JI 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


16 MHz 


PLCC 


IND 


1 S 80C51 F -U 


AT89LV51-20JI 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


IND 


1 S 80C51 F -S 


AT89C51-20JI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


IND 


1 S 80C51 F 


ATB9C51-20JI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


IND 


1 T 80C51 F -25 


AT89C51-24AI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz 


TQFP 


IND 


1 T 80C51 F -1 


AT89C51-20AI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


IND 


1 T 80C51 F -L 


AT89LVSM6AI 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


16 MHz 


TQFP 


IND 


1 T 80C51 F -L 


AT89LV51-20AI 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


IND 


IT80C51 F-S 


AT89CS1-20AI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


IND 


IT80C51 F 


AT89C51-20AI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


IND 


1 V 80C51 F -25 


AT89C51-24QI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz 


PQFP 


IND 


1 V 80C51 F -1 


AT89C51-20QI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


IND 


1 V 80C51 F -L 


AT89LV51-16QI 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


16 MHz 


PQFP 


IND 


1 V80C51 F-L 


AT89LV51-20QI 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


IND 


1 V 80C51 F -S 


AT89C51-20QI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


IND 


1 V 80C51 F 


AT89C51-20QI 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


IND 


M D 80C51 F -MB 


AT89C51-20DM/883 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


CERDIP 


MIL 


M D 80C51 F -MB 


AT89C51-20DM /883 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


CERDIP 


MIL 


M R 80C51 F -MB 


AT89C51-20LM/883 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


LOG 


MIL 


M R 80C51 F -MB 


AT89C51-20LM/883 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


LCC 


MIL 


P 80C51 F -25 


AT89C51-24PC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz 


PDIP 


COM 


P 80C51 F -1 


AT89C51-20PC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


COM 


P 80C51 F -L 


AT89LV51-16PC 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


16 MHz 


PDIP 


COM 


P 80C51 F -L 


AT89LV51-20PC 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


COM 


P 80C51 F -S 


AT89C51-20PC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


COM 


P 80C51 F 


AT89C51-20PC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


COM 


S 80C51 F -25 


AT89C51-24JC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz 


PLCC 


COM 


S 80C51 F -1 


AT89C51-20JC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


COM 


S B0C51 F -L 


AT89LV51-16JC 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


16 MHz 


PLCC 


COM 


S 80C51 F -L 


AT89LV51-20JC 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


COM 


S 80C51 F -S 


AT89C51-20JC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


COM 


S 80C51 F 


AT89C51-20JC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


COM 


T 80C51 F -25 


AT89C51-24AC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz 


TQFP 


COM 


T 80C51 F -1 


AT89C51-20AC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


COM 


T 80C51 F -L 


AT89LV51-16AC 


3 


V, 8 BIT MICROCONTROLLER 




KB 


FLASH 


16 MHz 


TQFP 


COM 


T 80C51 F -L 


AT89LV51-20AC 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


COM 


T 80C51 F -S 


AT89C51-20AC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


COM 


T 80C51 F 


AT89C51-20AC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


COM 


V 80C51 F -25 


AT89C51-24QC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz ' 


PQFP 


COM 


V 80C51 F -1 


AT89C51-20QC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


COM 


V 80C51 F -L 


AT89LVS1-16QC 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


16 MHz 


PQFP 


COM 


V 8CIC51 F -L 


AT89LV51-20QC 


3 


V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


COM 


V 80CS1 F -S 


AT89C51-20QC 


8 


BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


COM 


V 80C51 F 


AT89C51-20QC 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


COM 
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AT89C51 Mterocontroller Detailed Croiss-Reference Guide (continued) 



Matra 


Atmel 


Part DescriDtion 


Speed 


Pka 


TeiTiD 


A P 80C51 -1 


AT89C51-20PA 






KB 


FLASH 


20 MHz 


PDIP 


AUTO 


A P 80C51 -S 


AT89C51-20PA 


O OIT MI/^Di'Vi^WTDrM 1 CD 






FLASH 


20 MHz 


PDIP 


AUTO 


A P 80C51 


AT89C51-20PA 


Q OIT fcair^DfVrtWTDfM 1 CD 
O Ol 1 MIOrtL/LfUrM 1 nULLcri 




KB 


FLASH 


20 MHz 


PDIP 


AUTO 


A S 80GS1 -1 


AT89C51-20JA 


O DIT H JI/^Q(*S/~'(~IMXD*^I 1 CD 

o dI I MIOMUOwN 1 HULLtH 


4 


KB 


FLASH 


20 MHz 


PLCC 


AUTO 


AS80C51 -S 


AT89C51-20JA 


o dI I MILfhlvJL'tJN 1 HULLtn 


4 


KB 


FLASH 


20 MHz 


PLCC 


AUTO 


A S 80C51 


AT89C51-20JA 


a nix njii/~'0(~ir^(^KiTDOi i co 
o o\ I MIOrHJOUlN 1 rlULLtn 


4 






20 MHz 


PLCC 


AUTO 


AT80C51 -1 


AT89C51-20AA 


O DIX PljII/^0/^/^/~»MXD/^I I CO 


4 


KB 




20 MHz 


TQFP 


AUTO 


A T 80C51 -S 


AT89C51-20AA 


o Dl 1 MtUHUL'tJlN 1 nULLcri 






PI ACU 


29 MHz 


TQFP 


AUTO 


A T 80C51 


AT89C51-20AA 


O QIX Mir^Dr^r*OMTDfM 1 CD 

o Dl I MIUrfULrUlN 1 rtULLcn 


4 


lea 


PI ACU 


29 1#, 


TQFP 


AUTO 


A V 80C51 -1 


AT89CS1-20QA 


Q DIT UIODf^^PlMTD/^l 1 CD 


4 


i\o 


PI ACU 


20IWZ 


PQFP 


AUTO 


A V 80C51 -S 


AT89C51-20QA 


O DIX ll<l/^D(^^/^HrXD(^P 1 CD 


4 


KB 


FLASH 


20 MHz 


PQFP 


AUTO 


A V 80C51 


AT89C51-20QA 


o ol I MIOKtJUtJN 1 nULLtn 


^ 


KB 


FLASH 


20 MHz 


PQFP 


AUTO 


1 P 80CS1 -25 


AT89C51-24PI 


O DIT li<I^D/^/^/~»MXDrM 1 CD 


4 


KB 


FLASH 


24 MHz 


PDIP 


IND 


1 P 80C51 -1 


AT89C51-20PI 


D DIX » JI/^D/'V^/^MTD/^ 1 CD 


4 


KB 


FLASH 


20 MHz 


PDIP 


IND 


1 P 80CS1 -L 


AT89LV51-16PI 


1 \/ O DIT UI/^O/^/^/^lllXD^I 1 CD 

3 V, o dII MIOHUOUN 1 HULLbH 


4 


KB 


FLASH 


16 MHz 


PDIP 


IND 


1 P 80CS1 -L 


AT89LV51-20PI 


■i V, o dW rvIIOnUOvJrJ 1 HULLbn 


4 


KB 


FLASH 


20 MHz 


PDIP 


IND 


1 P 80C51 -S 


AT89C51-20PI 


O DIT h d 1 D/^/^/^MTO/^l 1 CD 


4 


KB 


FLASH 


20 MHz 


PDIP 


IND 


1 P 80C51 


AT89C51-20PI 


O DIT il 1 n/^/^/^MTD/^l 1 CD 

o bl 1 MIOHUOUN 1 HULLbK 


4 


KB 


FLASH 


20 MHz 


PDIP 


IND 


1 S 80C61 -25 


AT89C51-24JI 


O DIT Kjll^^D»~lf^^^MTD/^l 1 CD 

o bl 1 MIOHUUUlN 1 nULLbn 


4 


KB 


FLASH 


24 MHz 


PLCC 


IND 


1 S 80C51 -1 


AT89C51-20JI 


Q DIX Kilir'Dn^/^MTDOl 1 CD 

o Dl 1 MIOHUl^UlN i nULLbrt 


4 


i^n 

ISD 


PI ACU 


20 MHz 


PLCC 


IND 


1 S 80CS1 -L 


AT89LV51-»gJI 


O Vf O OIT » JI/^D/^OrtlllTD/~ll 1 CD 

3 V, 8 BIT MlvROCONTnUU-bri 


4 


KB 


FLASH 


16 MHz 


PLCC 


IND 


1 S 80C51 -L 


AT89LV51-20JI 


3 V, 8 Bit microcontroller 


4 


KB 


FLASH 


20 MHz 


PLCC 


IND 


1 S 80C51 -S 


AT89C51-20JI 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


IND 


1 S 80C51 


AT89C51-20JI 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


IND 


1 T 80C51 -25 


AT89C51-24AI 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz 


TQFP 


IND 


1 T 80C51 -1 


AT89C51-20AI 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


IND 


1 T 80C51 -L 


AT89LV51-16AI 


3 V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


16 MHz 


TQFP 


IND 


1 T 80C51 -L 


AT89LV51-20AI 


3 V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


IND 


1 T 80C51 -S 


AT89C51-20AI 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


IND 


1 T 80C51 


AT89C61-20AI 


n DIT » jl l/^n/^/~*/^MXD/^l 1 CD 

8 BIT MICROOONTROLLcR 


4 


KB 


FLASH 


20 MHz 


TQFP 


IND 


1 V 80C51 -25 


AT89C51-24QI 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz 


PQFP 


IND 


1 V 80C51 -1 


AT89C51-20QI 


O DJT * jl l/^D/^/^/^MXD/^l 1 CD 

8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


IND 


1 V 80C51 -L 


AT89LV51-16QI 


3 V, 8 BIT MICROCONTRCHi£R 


4 


KB 


FLASH 


16 MHz 


PQFP 


IND 


1 V 80CS1 -L 


AT89LV51-20QI 


3 V, 8 BIT MICROCO^fTROU_ER 


4 


KB 


FLASH 


20 MHz 


PQFP 


IND 


1 V 80CS1 -S 


AT89C51-20QI 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


IND 


1 V 80C51 


AT89C51-20ai 


8 BIT MICROCONTROLLER . 


4 


KB 


FLASH 


20 MHz 


PQFP 


IND 


M D 80C51 -MB 


AT89C51-20DM/883 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


CERDIP 


MIL 


M D 80C51 -MB 


AT89C51-20DM /883 


O DIX jll^D/^^^MTD/^l 1 CD 

8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


CERDIP 


MIL 


M R 80C51 -MB 


AT89C51-20LM/883 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


LCC 


MIL 


M R 80C51 -MB 


AT89C51-20LM/883 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


LCC 


MIL 


P 80C51 -25 


AT89C51-24PC 


O DIT Ik jl lrf^D/^/^*^MTD/^l 1 CD 

8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz 


PDIP 


COM 


P 80C51 -1 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


COM 


P 80C51 -L 


AT89LV51-16PC 


3 V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


16 MHz 


PDIP 


COM 


P 80C51 -L 


AT89LV51-20PC 


n Vr O DIT J l/^D/^/^^MTD/^l 1 CD 

3 V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PDIP 


COM 


P80O51 -S 


AT89C51-20PC 


n DIT ui^>D^v^^>lklTD^^ 1 r^r^ 

8 Brr MlvnOCONTROLLtH 


4 


KB 


FLASH 


20 MHz 


PDIP 


COM 


P80C51 


AT89C51-20PC 


a DIT UI^D^'V^rtHITD^^I 1 CD 

8 BIT MICHOCONTROLLcR 


4 


KB 


FLASH 


20 MHz 


PDIP 


COM 


S 80C51 -25 


AT89C51-24JC 


Q DIT llill/^D/*\/^*^lifTD^%l 1 CD 


4 


KB 


FLASH 


24 MHz 


PLCC 


COM 


S 80C51 -1 


AT89C51-20JC 


O DIT K j(l/*'D/^/^^MTD^^ 1 CD 

d bl I MICnUCON 1 nULLcrt 


4 


KB 


FLASH 


20 MHz 


PLCC 


COM 


S 80C51 -L 


AT89LV51-16JC 


Q \/ O QIX Hill^DrV^/^WTD/M 1 CD 

o V, o Dl 1 MICnOCON 1 HxJLLtrl 


4 


KB 


FLASH 


16 MHz 


PLCC 


COM 


S80C51 -L 


AT89LV51-20JC 


<i \i Q DIT fcJil^D/*\/^/^MTD/^l 1 CD 

3 V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


COM 


S 80051 -S 


AT89C51-20JC 


O DIT KI<^D/^/^*^MTD/^l 1 CD 

o at I MICpiUCUN 1 HULLbn 


4 


KB 


FLASH 


20 MHz 


PLCC 


COM 


S80Cai 


AT89C61-20JC 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PLCC 


COM 


T 80C51 -25 


AT89C51-24AC 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz 


TQFP 


COM 


T 80C51 -1 


AT89C51-20AC 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


COM 


T 80C51 -L 


AT89LV51-16AC 


3 V. 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


16 MHz 


TQFP 


COM 


T 80C51 -L 


AT89LV51-20AC 


3 V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


COM 


T80C51 -S 


AT89C51-20AC 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


COM 


T80C51 


AT89C51-20AC 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


TQFP 


COM 


V 80C51 -25 


AT89C51-24QC 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


24 MHz 


PQFP 


COM 


V 80C51 -1 


AT89CS1-20QC 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


COM 


V 80C51 -L 


AT89LV51-16QC 


3 V, 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


16 MHz 


PQFP 


COM 


V 80C51 -L 


AT89LV51-20QC 


3 V. 8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


COM 


V 80C51 -S 


AT89C51-20QC 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz , , 


PQFP 


COM 


vsaosi 


AT89csi-ae£x: 


8 BIT MICROCONTROLLER 


4 


KB 


FLASH 


20 MHz 


PQFP 


COM 



&« Microcontroller Cross-^^i^nce^Guide^^ 



RAicrocontroller Cross-ReferenGe Guide 



AT89C51 Mi e no i aii tre Her Oelriteit 6ros»#8fWWC»iQ|iWe (coBitowglft .1. . a 



Philips 



UVEPROM 

SC87C510CK44 
SC87C510CF40 
SC87C51ACK44 
SC87C51ACF40 
SC87C510GK44 
SC87C510GF40 
SC87C51AGK44 
SC87C51AGF40 
SC87C510PK44 
SC87C510PF40 

OTP 

SC87C510CA44 

SC87C510CN40 

SC87C510CB44 

SC87C510CA44 

SC87C510CN40 

SC87C510GA44 

SC87C510GN40 

SC87C510GB44 

SC87C51AGA44 

SC87CS1AGN40 

SC87C51CPA44 

SC87C510CPN40 

SC87C510CPB44 

MROIUI 

SC80CS1B0CA44 
SC80C51B0CN40 
SC80C51BOCB44 
SC80C51BOCA44 

SC80C51BOCN40 

SC80C51B0CGA44 

SC80C51B0CGN40 

SC80CS1B0CGB44 

SC80C51B0CGA44 

SC80C51B0CGN40 

SC80C51 B0CPA44 

SC80C51B0CPN40 

SC80CS1BOCPB44 

MROM 

PCB8051BH-2WP 
PCB8051BH-2P 

PCB8051 BH-2H 

PCB8051BH-3WP 

PCB8051BH-3P 

PCB8051BH-3H 

PCB8051BH-3WP 

PCB80S1BH-3P 

PCB8051BH-3H 

PCB8051BH-3WP 

PCB8051BH-3P 

PCB8051BH-4WP 

PCB8051BH-4P 

PCB8051BH-4H 



Atmel 



FLASH 

AT89C51-20JC 

AT89C51-20PC 

ATB9CS1-20JI 

AT89C51-20PI 

AT89C51-20JC 

AT89C51-20PC 

AT89C51-20JI 

AT89C51-20PI 

AT89C51-24JC 

AT89C51-a«PC 



AT89C51- 
AT89C51- 
AT89CS1 
AT89C51 
AT89C51 
AT89C51- 
AT89C51 
AT89CS1- 
AT89C51- 
AT89C51 
AT89C51- 
AT89C51- 
AT89C51- 

AT89C51- 
AT89C51 

AT89C51 
AT89C51 
AT89C51 
AT89C51 
AT89C51 
AT89C51 
AT89C51 
AT89C51 
AT89C51 
AT89C51 
AT89CS1 

AT89C51 
AT89C51 

AT89C51 
AT89C51 
AT89C51 
AT89C51 
AT89G51 
AT89C51 
AT89C51 
AT89C51 
AT89C51 
AT89C51 
AT89C51 
AT89C51 



•20JC 
20PC 
20QC 
■20JI 
20PI 
■20JC 
■20PC 
'20QC 
'20JI 
20PI 
24JC 
24PC 
24QC 

20JC 
-20PC 

20QC 
-20JI 
20PI 
20JC 
20PC 
20QC 
20JI 
20PI 
■24JG 
■24PG 
'24QC 

'20JC 
■20PC 
■20QC 
■20JG 
■20PG 
■20QG 
-20JI 
•20PI 
'20QI 
■16JA 
■16PA 
•24JC 
■24PG 
■24QG 



PartDMeriDtloB 






if lf£C, 


Soeed . ji 


Pka 


Term 


□ DIT lkll/>D#W^UTD/~ll 1 CD 

bl 1 MIOPKJUjri 1 nULLbrt 




4 


KB 


FLASH 


on 


MUI7 


PLCC 




8 BIT MICROCO^fTROLLER 




4 


KB 


FLASH 


20 


MHz 


PDIP 


COM 


8 BIT MICROGONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLCC 


IND 


8 BIT MIGROGONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PDIP 


IND 


8 BIT MICROCONTROLLER , 




4 


KB 


FLASH 


20 


MHz 


PLGG 


COM 


8 BIT MICROGONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PDIP 


COM 


8 BIT MIGROGONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLCC 


IND 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PDIP 


IND 


8 BIT MIGROGONTROLLER 




4 


KB 


FLASH 


24 


MHz 


PLCC 


COM 


8 BlTi|ilCHOQONTROLLER> , ; 


- "'i .'!r!4! 


tSf 1=1^ 1 


24 




PDIP . • 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLGG 


COM 


ft RIT Mlf*RfyV>NTRni 1 FR 




4 


KB 


FLASH 


20 


MHz 


PDIP 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PQFP 


COM 


8 BIT MIGROGONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLCC 


IND 


8 BIT MIGROGONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PDIP 


IND 


8 BIT MIGROGONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLCC 


COM 


bl 1 MlunUuUN 1 HULLtH 




4 


KB 


FLASH 


20 


MHz 


PDIP 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FWSH 


20 


MHz. 


PQFP 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


24 


MHz 


PLCC 


IND 


8 BIT MICROGONTROLLER 




4 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


8 BIT MIGROGONTROLLER 




4 


KB 


FLASH 


24 


MHz ' ~ 


PLCC 


COM 


8 BIT MIGROGONTROLLER 




4 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


24 


MHz 


PQFP 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLCC 


COM 


Hi 1 Mlt/HUOUIN 1 nULLtpl 




4 


KB 


FLASH 


20 


MHz 


PDIP 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PQFP 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLCC 


IND 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PDIP 


IND 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLCC 


COM 


8 BIT MIGROGONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PDIP 


IND 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PQFP 


IND 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


24 


MHz 


PLCC 


IND 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


24 


MHz 


PLCC 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


24 


MHz 


PQFP 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLCC 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PDIP 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PQFP 


COM 


8 BIT MICROGONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLCC 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PDIP 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PQFP 


COM 


8 BIT MIGROGONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLCC 


IND 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLCC 


IND 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PQFP 


IND 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLGG 


AUTO 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PDIP 


AUTO 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


20 


MHz 


PLCC 


COM 


8 BIT MICROCONTROLLER 




4 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


8 BIT MICROCONTROUER 




4 


KB 


FLASH 


24 


MHz 


PQFP 


COM 





AliSSUbl Mierocomroiier>^ueiaiiea uross-neTerence-uuiue^vurnHiueu; 







Part DescriDtion 


Soeed ' 


Pkq 


TemD 


UV EPROM 
\j V cmwiwi 


FLASH 














AToo^cH on lO 
A 1 oyt/0 1 -^wO 


8 BIT MICROCONTROLLER 


4 KB FLASH 


20 MHz 


PLCC 


COM 


oL-o / Ub 1 UL<r4U 


A 1 yyOb 1 -^:Ur(j 


8 BIT MICROCONTROLLER 


4 KB FLASH 


20 MHz 


PDIP 


COM 




A 1 yyObl -£:UJI 


8 BIT MICROCONTROLLER 


4 KB FLASH 


20 MHz 


PLCC 


IND 


oOo/Obl AUr4u 


A 1 oyObl -iiUrl 


8 BIT MICROCONTROLLER 


4 KB FLASH 


20 MHz 


PDIP 


IND 




ATflQpi^l Qn IP 

A 1 oyoo 1 


8 BIT MICROCONTROLLER 


4 KB FLASH 


Mnz 


PLCC 


COM 


SC87C510GF40 


AT89C51-20PC 


8 BIT MICROCONTROLLER 


4 KB FLASH 


20 MHz 


PDIP 


COM 


SC87C51AGK44 


AT89C51-20J1 


8 BIT MICROCONTROLLER 


4 KB FLASH 


20 MHz 


PLCC 


IND 


SC87C51AGF40 


AT89C51-20PI 


8 BIT MICROCONTROLLER 


4 KBFLA6H 


20MHz 


PDIP 


IND 


SC87G510PK44 


AT89C51-2'UC 


8 BIT MtCROeONTROLLER 


' 4 KB FLASH 


24MHz 


PLCC 


COM 




AT8gCS1-2«PC 


8 BA^Mld^OeONTROaER 


• 4''I®FL^ 




PDIP 


COM 



Siemens 


Atmel 


PartDescrtBtion , . 




SDeedl 


Pka 


Temp 


ROM/ROMIess 

SAB8051A-P 

SAB8031A-P 

SAB8051A-16-P 

SAB8031A-16-P 

SAB8051A-N 

SAB8051A-16-N 

SAB8031A-16-N 


FLASH 

ATe9C51-20PC 
AT89C51-20PC 
AT89C51-20PC 
AT89C51-20PC 
AT89C51-20JC 
AT89CS1-2(UC 
AT89C51-20JC 


8 BIT MICROCONTROLLER 
8 BIT MICROCONTROLLER 
8 BIT MICROCONTROLLER 
8 BIT MICROCONTROLLER 
8 BIT MICROCONTROLLER 
8 BIT MICROCONTROLLER 
8 BIT MCROGONTROLLER 


4 KB FLASH 
4 KB FLASH 
4 KB FLASH 
4 KB FLASH 
4 KB FLASH 
4 KB HASH 
4 KB FLASH 


20 MHz 
20 MHz 
20 MHz 
20 MHz 
20 MHz 
20 MHz 
20 MHz 


PDIP 
PDIP 
PDIP 
PDIP 
PLCC 
PLCC 
PLCC 


COM 
COM 
COM 
COM 
COM 
COM 
COM 


SAB8051A-12-P-T 
40/85 


AT89C51-20PI 


8 BIT MICROCONTROLLER 


4 KB FLASH 


20 MHz 


PDIP 


IND 


SAB8051A-10-P-T 
40/110 


AT89C51-20PA 


8 BIT MICROCONTROLLER 


4 KB FLASH 


20 MHz 


PDIP 


AUTO 


SAB8031A-12-P-T 
40/85 


AT89C51-20PI 


8 BIT MICROCONTROLLER 


4 KB FLASH 


20 MHz 


PDIP 


IND 


SAB8051A-10-P-t 
40/110 


AT89C51-20PA 


8 BIT MICROCONTROLLER 


4 KB FLASH 


20 MHz 


PDIP 


AUTO 






•CsJtJt" »• /..-. I-, 











mo Microcontroller Cross-Rgf#rencee©iiicte^: i 



^uliiGeocontroller Cross-Reference Guide 



AT89C52 IWeKH^bntiipUer Detaili^^^x>8s^Relerence Guide 



AMD 


Atmel 


Part Description 


Speed 




Temp 


CDD/Mlil 

CrniJm 


CI ACU 












D87C52T2 


AT89C52-20DC 


8 BIT MICROCONTROLLER 


8 KS'FLASH 


.... 

20 MH2 


OtnUlr 


COM 


R87C52T2 


AT89C52-20LC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


LCC 


COM 


P87C5ZT2 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PDIP 


COM 


N87C52T2 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PLCC 


COM 


ID87C52T2 


AT89C52-20DI 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


CERDIP 


IND 


IR87C52T2 


AT89C52-20LI 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


LCC 


IND 


IP87C52T2 


AT89C52-20PI 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PDIP 


IND 


IN87CS2T2 


AT89C^-20JI 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PLCC 


IND 


D87C52T2-1 


AT89C52-20DC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


CERDIP 


COM 


RB7C52T2-1 


AT89C52-20LC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


LCC 


COM 


P87C52T2-1 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PLCC 


COM 


N87C52T2-1 


AT89C52-20DC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


CERDIP 


COM 


ID87C52T2-1 


AT89C52-20DI 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


CERDIP 


IND 


IR87C52T2-1 


AT89C52-20LI 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


LCC 


IND 


IP87C52T2-1 


AT89C52-20DI 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


CERDIP 


IND 


IN87C52T2-1 


AT89C52-20JI 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PLCC 


IND 


P87C32T2-1 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PDIP 


COM 


NB7C32T2-1 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PLCC 


COM 


IP87C32T2-1 


AT89C62^20PI 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PDIP 


IND 


IN87C32T2-1 




rBIT MieROCONTROLLER 


8 KBFU^ 


2am& 


PLCG 


INDi 



Intel 


Atmel 


Part Description 


ooeea 


Dim 


Temp 


lUROJU 


FLASH 


















P8052AH 


AT89CS2-20PC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


COM 


D8052AH 


AT89C52-200C 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


CERDIP 


COM 


N8052AH 


AT89C52-20JC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


COM 


P8032AH 


AT89C52-20PI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


IND 


D8032AH 


AT89C52-20DC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


CERDIP 


COM 


N8032AH 


AT89C52-20JC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


COM 


EPROM 




















P8752BH 


AT89C52-20PC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


COM 


D8752BH 


AT89C52-20DC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


CERDIP 


COM 


N8752BH 


AT89C52-20JC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


COM 


R8752BH 


AT89C52-20LC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


LCC 


COM 


TD8752BH 


AT89C52-20DI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


CERDIP 


IND 


QP8752BH 


AT89C52-20PI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


IND 


LD87S2BH 


AT89CS2-20DI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


CERDIP 


IND 


D87C52 


AT89C52-20DC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


CERDIP 


COM 


N87C52 


AT89CS2-20JC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


COM 


P87C52 


AT89C52-20PC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


COM 


S87CS2 


AT89C52-20QC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


COM 


TP87C52 


AT89C52-20PI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


IND 


TD87C52 


AT89C52-20DI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


CERDIP 


IND 


TN87C52 


AT89C52-20JI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


IND 


LP87C52 


AT89C52-20PI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


IND 


LD87C52 


AT89C52-20DI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


CERDIP 


IND 


LN87C52 


AT89C52-20JI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


IND 


P80C52 


AT89C52-20PC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


COM 


S80C52 


AT89C52-20QC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


COM 


N80C52 


AT89C52-20JC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


COM 


TP80C52 


AT89C52-20PI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


IND 


TNB0C52 


AT89C52-20JI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


IND 


LP80C52 


AT89C52-20PI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


IND 


LN80C52 


AT89C52-20JI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


IND 


P80C32 


AT89C52-20PC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


COM 


S80C32 


AT89C52-20QC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


COM 


N80C32 


AT89C52-20JC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


COM 


TP80C32 


AT89C52-20PI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


IND 


TN80C32 


AT89C52-20JI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


IND 


LP80C32 


AT89C52-20PI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


IND 


LN80C32 


AT89C52-20JI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


IND 


D87C52-20 


AT89C52-20DC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


CERDIP 


COM 



AT89C52 Microcontroller DeMlled Cross^Refereitee Guide (continued) 



Intel i 


Atmel 


Part DescrlDtion ' 


Soeed 


pka_ 


Temo 


N87C52-20 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PLCC 


COM 


P87C52-20 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PDIP 


COM 


S87C52-20 


AT89C52-20QC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PQFP 


COM 


P80C52-20 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PDIP 


COM 


S80C52-20 


AT89C52-20QC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PQFP 


COM 


N80C52-20 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PLCC 


COM 


PB0C3g-20 


AT89C52-aOPC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PDIP 


COM 


;S80C32-20 


AT89C52-20QC 


a BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PQFP 


COM 


N80C32-20 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PLCC 


COM 



Matra 


Atmel 


Part DescrlDtion 


Speed 


Pka 


Temo 


ROM 


FLASH 














A D flnOEQ CT wi 


n 1 Ois\^0£-ajr/\ 


8 BIT MICHOCONTROUblB . 




KB FLASH 




PDIP 


AUTO 


A r oULr£>^ r -o 




8 BIT MICROCONTROLLER 


s 


KB FLASH 


on hA\-i-T 
d\j ivinz 


PDIP 


AUTO 


A Q anr^ci c 
A r oUL/bii r 


A i oyL/b«;-«:UrA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


cXj MnZ 




AUTO 


A o oUUbi£ r -1 


A 1 oyUOii-^UJA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 




PLCC 


AUTO 


A o oUOd^ r -o 


A 1 oyoo«i-4:ujA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


AUTO 


A fa oOuoZ P 


ATOn^CO Ort lA 

A 1 oyL<Oe-£UJA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


on MI-I7 

£M MnZ 


PLCC 


AUTO 


AT80C52 F -1 


AT89C52-20AA 


8 BIT MICROCONTROLLER 


3 


KB FLASH 


20 MHz 


TQFP 


AUTO 


A T 80C52 F -S 


AT89C52-20AA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


AUTO 


A T 80C52 F 


AT89C52-20AA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


AUTO 


A V 80C52 F -1 


AT89C52-20QA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


AUTO 


A V 80C52 F -S 


AT89C52-20QA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


AUTO 


A V 80C52 F 


AT89C52-20QA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


AUTO 


1 P 80C52 F -25 


AT89C52-24PI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PDIP 


IND 


1 P 80C52 F -1 


AT89C52-20PI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


IND 


1 P 80C52 F -L 


AT89LV52-16PI 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


16 MHz 


PDIP 


IND 


1 P 80C52 F -L 


AT89LV52-20PI 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


IND 


1 P 80C52 F -S 


AT89C52-20PI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


IND 


1 P 80C52 F 


AT89C52-20PI 


8 BIT MICROCONTROLLER ■ ' 


' B 


KB FLASH 


20' MHz 


PDIP 


IND 


1 S 80C52 F -25 


AT89C52-24JI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PLCC 


IND 


1 S 80C52 F -1 


AT89C52-20JI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


IND 


1 S 80C52 F-L 


AT89LV52-1 6JI 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


16 MHz 


PLCC 


IND 


1 S 80C52 F -L 


AT89LV52-20JI 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


IND 


1 S 80C52 F -S 


AT89C52-20JI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


IND 


1 S 80C52 F 


AT89C52-20JI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


IND 


IT80O52F-25 


AT89C^r24Al 


e.BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


TQFP 


IND 


1 T 80C52 F -1 


AT89C52-20AI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


IND 


1 T 80C52 F -L 


AT89LV52-1 6AI 


3 V, 8 BIT MICROCONTROU.ER 


8 


KB FLASH 


16 MHz 


TQFP 


IND 


1 i oULrO^; r -L 


ATToni v/co on A 1 
Al 1 oyLvb«;-<:UAI 


3 V, 8 BIT MICROGONTROUER 


8 


KB FLASH 


on \K\-i-r 
c\j MnZ 


1 Urr 


(Kin 


1 T 80C52 F -S 


AT89C52-20AI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


IND 


1 T 80C52 F 


AT89C52-20AI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


IND 


1 V 80C52 F -25 


AT89C52-24QI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PQFPO 
FP 


IND 


1 V 80C52 F -1 


AT89C52-20QI 


8 BIT MICROCONTROLLER 


,8 


KB FLASH 


20 MHz 


PQFP 


IND 


1 V 80C62 F -L 


AT89LV52-16QI 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


16 MHz 


PQFP 


IND 


1 V 80C52 F -L 


AT89LV52-20ai 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


IND 


1 V 80C52 F -8 


AT89C52-20QI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


IND 


1 V 80C52 F 


AT89C52-20QI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


IND 


M D 80C52 F -MB 


AT89C52-20DM /883 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


CERDIP 


MIL 


M D 80C52 F -MB 


AT89C52-20DM /883 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


CERDIP 


MIL 


M R 80C52 F -MB 


AT89C52-20LM /883 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


LCC 


MIL 


M R 80CS2 F -MB 


AT89C52-20LM /883 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


LCC 


MIL 


P 80C52 F -25 


AT89C52-24PC 


8 BIT mk;rocontroller 


8 


KB FLASH 


24 MHz 


PDIP 


COM 


P 80C52 F -1 


AT89C52-20PC 


8 BIT microcontroller 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


P 80C52 F -L 


AT89LV52-16PC 


3 V, 8 bit microcontroller 


8 


KB FLASH 


16 MHz 


PDIP 


COM 


P 80C52 F -L 


AT89LV62-20PC 


3 V, 8 bit microcontroller 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


P 80C52 F -S 


AT89C52-20PC 


8 BIT microcontroller 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


P 80C52 F 


AT89C52-20PC 


8 bit microcontroller 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


S 80C52 F -25 


AT89C52-24JC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PLCC 


COM 


8 80052 F -1 


AT89C52-20JG 


8,BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 


S80C52F-L 


AT89LVS2-16JC 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


16 MHz 


PLCC 


COM 






3 «. amTMJCF10C0NTH0U.ER 


8 


KB FLASH 


ZOMkte 


PLCC 


COM 
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AT89C52 |li«eeenli(E>Het Detailed v.. 



Matra 


Atmel 


Part Description 


Speed 


Pkq 


Temp 


S 80C52 F -S 


AT89C52-20JC 


8 BIT MiCROCONTROLLER 


6 


KB FLASH 


20 MHz 


PLCC 


COM 


S80OS2F 


AT89C52-20JC 




8 


i^a CI 

KDi FLASH 


20 MHz 


PLCC 


COM 


1 80CS2 F -25 


AT89C52-24AC 


8 BIT MICROCtflNTROLLcR 


8 


CI ACU 


24 MHz 


TQFP 


COM 


T 80C52 F -1 


AT89C52-20AC 


S dI I MIOHUOUN 1 HULLbn 


8 


L/D CI AOLJ 


20 MHz 


TQFP 


COM 


T 80C52 F -L 


AT89LV52-16AC 


■5 V, o bl ] MIOnUL/UN 1 HULLcH 


8 


U'Q CI A CU 

t\o rLAon 


16 MHz 


TQFP 


COM 


T 80C52 F -L 


AT89LV52-20AC 


o V, d Dl 1 MIUHUOUN 1 nULLtrl 


8 


(✓Q CI ACU 


20 MHz 


TQFP 


COM 


T 80C52 F -S 


AT89CS2-20AC 


O bl 1 MlUnUOUN 1 HULLbn 


8 


I^D CI ACLJ 

pM rLAon 


20 MHz 


TQFP 


COM 


T80C52F 


ATB9C52-20AC 


8 BIT MlORCX/ONTROLLcK 


8 


l^D CI ACLJ 

MS pLAopI 


20 MHz 


TQFP 


COM 


V80C52F-25 ■ 


AT89CS2-240C 


B BIT MICROCONTROLLER 


8 


l^D CI ACLJ 

KB H-Aon 


.24 MHz 


PQFP 


COM 


V80C52F-1 


AT89C52'20QC 


8 BIT MIt/ROCONi ROLLER 


8 


l^D CI A OLJ 

Kb rLAoH 


20 MHz , 


PQFP 


COM 


V 80C52 F -L 


AT89LV52-16QC 


\ / O DIT ll ill/^n/^/^/*^MTD^I 1 

J V, o bl 1 MIOHUOUN 1 HULLbn 


8 


L'D CI A OLJ 

Kb rLAbn 


16 MHz 


PQFP 


COM 


V 80C52 F -L 


AT89LV52-20QC 


3 V, 8 BIT MICROCONTROLLER 


8 


lyTl Ci A O LJ 

Kb rLAbn 


20 MHz 


PQFP 


COM 


V 80C52 F -S 


AT89C52-20QC 


8 BIT MiCROCONTnOLLER 


8 


l/D CI A O LJ 

KB rLAoH 


20 MHz 


PQFP 


COM 


V 80C52 F 


AT89C52-20QC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


COM 


A P 80C52 -1 


AT89C52-20PA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


AUTO 


A P 80C52 -S 


AT89C52-20PA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIF 


AUTO 


A P 80C52 


AT89C52-20PA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


AUTO 


A S 80C52 -1 


AT89C52-20JA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


AUTO 


A S 80C52 -S 


AT89C52-20JA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


AUTO 


A S 80C52 


AT89C52-20JA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


AUTO 


A T 80CS2 -1 


AT89C52-20AA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


AUTO 


AT80CS2-S 


AT89C52-20AA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


AUTO 


A T 80C52 


AT89C52-20AA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


AUTO 


AV80C52-1 


AT89C52-20QA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


AUTO 


A V 80C52 -S 


AT89C52-20QA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


AUTO 


A V 80C52 


AT89C52-20QA 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


AUTO 


1 P 80C52 -25 


AT89C52-24PI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PDIP 


IND 


1 P 80C52 -1 


AT89C52-20PI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


IND 


1 P 80C52 -L 


AT89LV52-16PI 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


16 MHz 


PDIP 


IND 


1 P 80C52 -L 


AT89LV52-20PI 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


IND 


1 P 80C52 -S 


AT89C52-20PI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


IND 


1 P80C52 


AT89C52-20PI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


IND 


1 S 80C52 -25 


AT89C52-24JI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PLCC 


IND 


1 S 80C52 -1 


AT89C52-20JI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


IND 


1 S 80C52 -L 


AT89LV52-16JI 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


16 MHz 


PLCC 


IND 


1 S 80C52 -L 


AT89LV52-20JI 


3 v. 8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


IND 


1 S 80C52 -S 


AT89C52-20JI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


IND 


1 S 80C52 


AT89C52-20JI 


8, BIT MICROCONTROLLER 


8 


I^O CI Af*LJ 

KB FLASH 


20 MHz 


PLCC 


IND 


1 T 80C52 -25 


AT89C52-24AI 


8 BIT MICROCONTROLLER 


8 


Kb FLASH 


24MNz 


TQFP 


IND 


i T 80C52 -1 


AT89C52-20AI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


IND 


1 T 80C52 -L 


AT89LV52-16AI 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLAbH 


16 MHz 


TQFP 


IND 


1 T 80C52 -L 


AT89LV52-20AI 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


IND 


1 T 80C52 -S 


AT89C52-20AI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


IND 


1 T 80C52 


AT89C52-20AI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


IND 


1 V 80C52 -25 


AT89C52-24QI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PQFP 


IND 


1 V 80C52 -1 


AT89C52-20QI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


IND 


i V 80C52 -L 


AT89LV52-16QI 


3 V, 8 BIT MiCROCONTROLLER 


8 


KB FLASH 


16 MHz 


PQFP 


IND 


1 V 80C52 -L 


AT89LV52-20QI 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


IND 


1 V 80C52 -S 


AT89C52-20QI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


IND 


1 V80CS2 


AT89C52-20QI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


IND 


M 80052 -MB 


AT89C52-20DM /a83 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


CERDIP 


MIL 


M D 80C52 -hte 


AT89C52-20DM /883 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


CERDIP 


MIL 


M R 80C52 -MB 


AT89C52-20LM /883 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


LCC 


MIL 


M R 80CS2 -MB 


AT89C52-20LM /883 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


LCC 


MIL 


P 80C52 -25 


AT89C52-24PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PDIP 


COM 


P 80C52 -1 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


P 80C52 -L 


AT89LV52-16PC 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


16 MHz 


PDIP 


COM 


P B0C52 -L 


AT89LV52-20PC 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


P 80C52 -S 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


P80C52 


AT89CS2-20PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


8 80052,425 


AT89q52-24JC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PLCC 


COM 


S 80C& -1 - 


ATsac^a-aojc 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 


SB0C52-L 


AT89LV52r16JC 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


16 MHz 


PLCC 


COM 


S 80C52 -L 


ATBSLySZrSOJC 


3 V. 8 BIT MICnOCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 


S 80C52 -S 


AT89C52-aOJC 


8 BIT MICROCONTRbLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 



.'.>i.^ .ijtsC L.r .'TiO {JliV 6tl8 













■ iv 










Matra 


Aimei 


Part DescriDtion 


oDGGu 


Pkq 


_ 


S 80C52 


AT89C52-20JC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


COM 


T 80C52 -25 


ATB9C52-24AC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


24 MHz 


TQFP 


COM 


T 80C52 -1 


AT89C52-20AC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


TQFP 


COM 


T 80CS2 -L 


AT89LV52-16AC 


3 


V, 8 BIT MICRCXX3NTROLLER 


8 


KB 


FLASH 


16 MHz 


TQFP 


COM 


T 80C52 -L 


AT89LV52-20AC 


3 


V, 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


TQFP 


COM 


T 80C52 -S 


AT89C52-20AC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


TQFP 


COM 


T 80C52 


AT89C52-20AC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


TQFP 


COM 


V 80C52 -25 


AT89C52-24QC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


24 MHz 


PQFP 


COM 


V 80C52 -1 


AT89C52-20QC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


COM 


V oOC52 -L 


AT89LV5Z- (DUO 


3 


V 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


16 MHz 


PQFP 


COM 


V 80C52 -L 


AT89LV52-20QC 


3 


V 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


COM 


V 80C52 -S 


AT89C52-20QC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


COM 


V80C52 


AT89C52-20QC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


COM 


KUMIGS8 




















A P 80C32 F -1 


AT89C52-20PA 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


AUTO 


A P 80C32 F -S 


AT89C52-20PA 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


AUTO 


A P 80C32 F 


AT89C52-20PA 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


AUTO 


A S 80C32 F -1 


AT89C52-20JA 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


AUTO 


A S 80C32 F -S 


AT89C52-20JA 


8 


BIT MICROCONTROLLER 


8 


KB 


PUSH 


20 MHz 


PLCC 


AUTO 


A S 80C32 F 


AT89C52-20JA 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


AUTO 


A T 80C32 F -1 


AT89C52-20AA 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


TQFP 


AUTO 


A T 80C32 F -S 


AT89C52-20AA 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


TQFP 


AUTO 


A T 80C32 F 


AT89C52-20AA 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


TQFP 


AUTO 


A V 80C32 F-1 


AT89C52-20QA 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


AUTO 


A V 80C32 F -S 


AT89C52-20C3A 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


AUTO 


A V 80C32 F 


AT89C52-20aA 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


AUTO 


1 P 80C32 F -25 


AT89C52-24PI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


24 MHz 


PDiP 


IND 


1 P 80C32 F -1 


ATB9C52-20PI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


IND 


1 P 80C32 F -L 


AT89LV52-16PI 


3 


V, 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


16 MHz 


PDtP 


IND 


1 P 80C32 F -L 


AT89LV52-20PI 


3 


V, 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


IND 


1 P 80C32 F -S 


AT89C52-20PI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


IND 


1 P 80C32 F 


AT89C52-20PI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


IND 


1 S 80C32 F -25 


AT89C52-24JI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


24 MHz 


PLCC 


IND 


1 S 80C32 F -1 


AT89C52-20JI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


IND 


1 S 80C32 F -L 


AT89LV52-1 6JI 


3 


V, 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


16 MHz 


PLCC 


IND 


1 S 80C32 F -L 


AT89LV52-20JI 


3 


V, 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


IND 


1 S 80C32 F -S 


AT89C52-20J1 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


IND 


IS80C32F 


AT89C52-20JI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


IND 


1 T 80C32 F -25 


AT89C52-24AI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


24 MHz 


TQFP 


IND 


1 T 80C32 F -1 


AT89C62-20AI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


TQFP 


IND 


1 T 80C32 F -L 


AT89LV52-16AI 


3 


V, 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


16 MHz 


TQFP 


IND 


1 T 80C32 F -L 


AT89LV52-20AI 


3 


V, 8 BIT MICROCONTROUER 


8 


KB 


FLASH 


20 MHz 


TQFP 


IND 


1 T 80C32 F -S 


AT89C52-20A1 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


TQFP 


IND 


1 T 80C32 F 


AT89CS2-20AI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


TQFP 


IND 


1 V 80C32 F -25 


AT89C52-24QI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


24 MHz 


PQFP 


IND 


1 V 80C32 F -1 


AT89C52-20QI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


IND 


1 V 80C32 F -L 


AT89LV52-1 6QI 


3 


V, 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


16 MHz 


PQFP 


IND 


1 V 80C32 F -L 


AT89LV52-20QI 


3 


V, 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


IND 


1 V 80C32 F -S 


AT89CS2-20QI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


IND 


1 V 80C32 F 


AT89C52-20QI 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PQFP 


IND 


M D 80C32 F -MB 


AT89C52-20DM /883 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


CERDIP 


MIL 


M D 80C32 F -MB 


AT89C52-20DM /883 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


CERDIP 


MIL 


M R 80C32 F -MB 


AT89C52-20LM /883 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


LCC 


MIL 


M R 80C32 F -MB 


AT89C52-20LM /883 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


LCC 


MIL 


P 80C32 F -25 


AT89C52-24PC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


24 MHz 


PDIP 


COM 


P 80C32 F -1 


AT89C52-20PC 


B 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


COM 


P 80C32 F -L 


AT89LV52-16PC 


3 


V, 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


16 MHz 


PDIP 


COM 


P 80C32 F -L 


AT89LV52-20PC 


3 


V, 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


COM 


P 80C32 F -S 


AT89C52-20PC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


COM 


P 80C32 F 


AT89C52-20PC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PDIP 


COM 


S 80C32 F -25 


AT89C52-24JC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


24 MHz 


PLCC 


COM 


S 80C32 F -1 


AT89C52-20JC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


COM 


S 80C32 F -L 


AT89LV52-16JC 


3 


V. 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


16 MHz 


PLCC 


COM 


S 80C32 F -L 


AT89LV52-20JC 


3 


V, 8 BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


COM 


S 80C32 F -S 


AT89C52-20JC 


8 


BIT MICROCONTROLLER 


8 


KB 


FLASH 


20 MHz 


PLCC 


COM 



mi Microcontroller Cross-Ril^re|ic^€iitiile'e f 

^5 lij- ■ 



i^a Microcontroller Cross-Reference Guide 



AT89C52 lileicMlsirtil>ttfer PstailedCr^^ ? c ^ a 



Matra 


Atmel 


Part OescriDtion 


OPGGC] 


Pirn 


_ 

1 Gmp 


S80C32F 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 


T80C32F-25 


AT89C52-24AC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


TQFP 


COM 


T 80C32 F -1 


AT89C52-20AC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


COM 


T 80C32 F -L 


AT89LV52-16AC 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


16 MHz 


TQFP 


COM 


T 80C32 F -L 


AT89LV52-20AC 


T V ft BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


COM 


T 80C32 F -S 


AT89C52-20AC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


COM 


T80C32F 


AT89C52-20AC 




3 


KB FLASH 


20 MHz 


TQFP 


COM 


V 80C32 F -25 


AT89C52-24QC 


fl RIT MifRnrnNTRni i fr 


g 


KB FLASH 


24 MHz 


PQFP 


COM 


V 80C32 F -1 


AT89C52-20QC 


R RIT MICROCONTROl 1 ER 


8 


KB FLASH 


20 MHz 


PQFP 


COM 


V 80C32 F -L 


AT89LV5Z-16QC 


V R RIT MirRnrONTROI 1 FR 


8 


KB FLASH 


16 MHz 


PQFP 


COM 


V 80C32 F -L 


AT89LV52-20QC 


v R RtT uirRnrnNTRDi i fr 


8 


KR Fl ASH 


20 MHz 


PQFP 


COM 


V80C32F-S 


AT89C52-2CK3C 


R RIT MIfiROnnNTROI 1 FR 


3 


KB FLASH 


20 MHz 


PQFP 


COM 


A'P80C32-1 ~ 


AT89p52^0QC 


R RIT uir^FMWwram i fr 

O Dl 1 IVHwr^^^UlM 1 nVA_LCn 


g 


KB PLASM 


20 MHz 


PQFP 


COM 


AT89C5^-20PA 




8 


kR Ft A^H 


20 MHz 


PDIF 


AUTO 


A P 80C32 -S 


AT89C52-20PA 


ft BIT MIPDOPONITDni 1 FH 


g 


KR Fl A<?l-I 
r\D ru/Aon 


20 MHz 


PDIF 


AUTO 


A P 80C32 


AT89C52-20PA 


ft RIT Kyur^norTiMTROi i pd 
o Dl 1 iviH-'n'JL'WiN 1 n'^'LLcri 


3 


k'R Fl AQM 
r\D ni_Mon 


20 MHz 


PDIP 


AUTO 


A S 80C32 -1 


AT89C52-20JA 


a HIT iijiir'Qrv*nMTDr\i i pes 


3 


K'R Fl AQM 


20 MHz 


PLCC 


AUTO 


A S 80C32 -S 


AT89C52-20JA 


ft RIT MIPBOPOMTBril 1 PH 


3 


KR Fl AQH 

rvD 1 LrtOn 


20 MHz 


PLCC 


AUTO 


A S 80C32 


AT89C52-20JA 


ft RIT MippnpnMTHnt i pr 


3 


KR Fl Am-I 


20 MHz 


PLCC 


AUTO 


AT80C32-1 


AT89C52-20AA 


ft RtT MIPDnPHMTROI 1 FR 
o Dl 1 iviiv/nuowiN 1 nv^i-i-cri 


3 


KR Fl A9I-I 


20 MHz 


TQFP 


AUTO 


AT80C32-S 


AT89C52-20AA 


ft RIT MK^OnPHMTHOI 1 FR 


3 


KR R A9I-I 


20 MHz 


TQFP 


AUTO 


A T 80C32 


AT89C52-20AA 


ft R!T MK^nnPOMTOni 1 FR 


3 


KR Fl A^H 

r\D ni_/\on 


20 MHz 


TQFP 


AUTO 


A V 80C32 -1 


AT89C52-20QA 


fl RIT ^^lPR^p^^]TP^l i fr 

o D) 1 iviiVjri'j'-''w'i'< 1 n<w'i_i_cri 


Q 


KR Fl A9I-I 
r\D nL-rton 


20 MHz 


PQFP 


AUTO 


A V 80C32 -S 


AT89C52-20QA 


ft RIT Mlf^HnPnMTHni 1 FR 
o Dl 1 ivii^nu^uiN 1 ni^i_i_cri 


3 


KR Fl A<^H 


20 MHz 


PQFP 


AUTO 


AV80C32 


AT89CS2^20QA 


a RIT MIT^nonOMTROI 4, PR 


-■ ^ 


-KRPI ARM 


20 MHz 


PQFP 


AUTO 


1 P 80C32 -25 


AT89C52-24PI 


R RIT Mif^Rnrv^MTRm 1 PR 


g 


KR R ASM 

fVD 1 L-non 


24 MHz 


PDIP 


IND 


1 P 80C32 -1 


AT89C52-20PI 


ft HIT MIPROPriMTRrtl 1 PR 
o Dl 1 iviit-rriw^wiN 1 nV'i-i^cn 


g 


KR Fl ASH 
f\D rLrton 


20 MHz 


PDIP 


IND 


1 P B0C32 -L 


AT89LV52-16PI 


V R RIT MirRnflONfTROLL^S 


- 8 


KB FLASH 


16 MHz 


PDIP 


IND 


1 P 80C32 -L 


AT89LV52-20PI 


T V fl RIT MinROflOMTROLLPR 


g 


KB FLASH 


20 MHz 


PDIP 


IND 


1 P80C3Z-S 


ATB9C^i^ 


R RIT MIPRnrV^MTRni 1 FR 


g 


KB PLASM 

f\D 11—^^ Oil 


20 MHz 


PDIP 


IND 


1 P80C32 


AT89C52-20Pf 


fl BIT MICROCONTROLLER 
o Dl 1 iviiwr*ww^yi^ i ri\^L_i»i_ ri 


g 


KB FLASH 


20 MHz 


PDIP 


IND 


1 S 80C32 -25 


AT89C52-24JI 


ft RIT MICROCONTROLLER 

O Dl 1 IVIIV^riV^wV./l^ 1 PlVy^^dv 


3 


KB FLASH 


24 MHz 


PLCC 


IND 


1 S 80C32 -1 


AT89C52-20JI 


fl RIT MICRnCONTRni 1 FR 
o Dl 1 iviiorw-'^iyWiN 1 nwi_uc.n 


8 


KR Fl ASH 

r\D ni—rton 


20 MHz 


PLCC 


IND 


1 S 80C32 -L 


AT89LV52-16JI 


T V ft RIT MiPRnpnwTPni j fr 

o V, o Dl 1 tviiv_'riv_(^ WIN 1 nwL.i_cn 


3 


KR Fl ASH 

r\D nl— r%on 


16 MHz 


PLCC 


IND 


1 S 80C32 -L 


AT89LV52-20JI 


T V R RIT MIPRnPONTROI 1 FR 


8 


KB FLASH 


20 MHz 


PLCC 


IND 


1 S 80C32 -S 


AT89C52-20JI 


ft RIT MIPROPONITROI 1 FR 


3 


KR Fl ASM 

r\D 1 L./AOn 


20 MHz 


PLCC 


IND 


1 S 80C32 


AT89C52-20JI 


R RIT MICRDCnNTRni 1 FR 


3 


KR PLASM 


20 MHz 


PLCC 


IND 


1 T 80C32 -25 


AT89C52-24AI 


R RIT MICRnCONTRni 1 FR 


3 


KR R ASM 

r\D PL^AOn 


24 MHz 


TQFP 


IND 


IT80C32-1 


AT89C52-20AI 


R RIT Kyiir'Qn/^owTDni i fr 


3 


KR Fl ASM 

r\D r l_r\oni 


20 MHz 


TQFP 


IND 


1 T 80C32 -L 


AT89LV52-16AI 


1 \/ n RIT KyiiPRnpowToni i fr 


g 


KR Fl ASH 


16 MHz 


TQFP 


IND 


1 T 80C32 -L 


AT89LVS2-20AI 


1 \/ ft RIT KJiir'OorrtwTQOi i pr 

o V, o Dl 1 MlWriVJoUrJ 1 nWLLCri 


8 


KB FLASH 


20 MHz 


TQFP 


IND 


1 T 80C32 -S 


AT89C52-20AI 


a RIT KyUPPOf^nNITDOl 1 FR 


8 


KB FLASH 


20 MHz 


TQFP 


IND 


1 T 80C32 


AT89C52-20AI 


H RIT nyiir'onr'nwToni i fr 
o Dl 1 ivi 1 ^^r\'w'v^v_/iN 1 n\.ri_i_Dn 


8 


KB FLASH 


20 MHz 


TQFP 


IND 


1 V 80C32 -25 


AT89C52-24QI 


R RIT MIPRnPrtNTRrH 1 FR 
o Dl 1 iviion\Jwv_/i^ 1 nwuucn 


8 


KB FLASH 


24 MHz 


PQFP 


IND 


1 V 80C32 -1 


AT89C52-20QI 


R RIT MIPRnPnMTRni 1 FR 
O Dl 1 IVI 1 wriWwVw/iN 1 nui-i-cn 


8 


KB FLASH 


20 MHz 


PQFP 


IND 


1 V 80C32 -L 


AT89LV52-16QI 


\/ R RIT MICRnrONTRni 1 FR 


8 


KB FLASH 


16 MHz 


PQFP 


IND 


1 V 80C32 -L 


AT89LV52-20QI 


TUB RIT MIPPOPHMTPOI 1 FR 


8 


KB FLASH 


20 MHz 


PQFP 


IND 


1 V 80C32 -S 


AT89C52-20QI 


R RIT MIPROPOMTROI 1 FR 


8 


KB FLASH 


20 MHz 


PQFP 


IND 


1 V80C32 


AT89C52-20QI 


R RIT MIPRnrr^MTRni 1 PR 
o Dl 1 iviivri\^wv^iN 1 n\-/i_L_di 


8 


KB FLASH 


20 MHz 


PQFP 


IND 


M D 80C32 -MB 


AT89C52-20DM /883 


R RIT imiPRrWVWTHrM 1 PR 


8 


KB FLASH 


20 MHz 


CERDIP 


MIL 


M D 80C32 -MB 


AT89C52-20DM /883 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


CERDIP 


MIL 


M R 80C32 -MB 


AT89C52-20LM /883 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


LCC 


MIL 


M R 80C32 -MB 


AT89C52-20LM /883 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


LCC 


MIL 


P 80C32 -25 


AT89C52-24PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PDIP 


COM 


P 80C32 -1 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PDIP 


COM 


P 80C32 -L 


AT89LV52-16PC 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


16 MHz 


PDIP 


COM 


P 80C32 -L 


AT89LV52-20PC 


3 V. 8 BIT MICROCONTROLLER 


8 KB FLASH 


20 MHz 


PDIP 


COM 


P 80C32 -S 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


P80C32 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


S 80C32 -25 


AT89C52-24JC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PLCC 


COM 


S 80C32 -1 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 


KB PUSH 


20 MHz 


PLCC 


COM 


S 80C32 -L 


AT89LVS2-16JC 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


16 MHz 


PLCC 


COM 


S 80C32 -L 


AT89LV52-20JC 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 


S 60C32 -S 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 


S80C32 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


RO M , 




Vii ^.' '. ". 8*15 



AT89C52 MKorocontroller Detailed Cuitetll^ieaice Guide (continued) 



Matra 










Pka 


TemD 




Atmel 


Part DescriDtion 


Soeed 


T80C32 


-25 


AT89C52-24AC 


8 BIT MICROCONTROLLER 


8 


KBFIJ^H 


24 MHz 


TQFP 


COM 


T80C32 


-1 


AT89C52-20AC 


8 BIT MICROCONTROLLER 


8 


KBFUteH 


20 MHz 


TQFP 


COM 


T80C32 


-L 


AT89LV52-16AC 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLUSH 


16 MHz 


TQFP 


COM 


T 80C32 


■L 


AT89LV52-20AC 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


COM 


T 80C32 


-S 


AT89C52-20AC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


COM 


T 80C32 




AT89C52-20AC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


TQFP 


COM 


V80C32 


-25 


AT89C52-24QC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PQFP 


COM 


V 80C32 


-1 


AT89C52-20QC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


COM 


V 80C32 


-L 


AT89LV52-16QC 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


16 MHz 


PQFP 


COM 


V 80C32 


-L 


AT89LV52-20QC 


3 V, 8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


COM 


V 80C32 


-S 


AT89C52-20QC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


COM 


V 80C32 




AT89C52-20QC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


COM 



PhiliDS 


Atmel 


Part DescriDtion 


Soeed 


Pica 


TemD 


ROMIess 


FLASH 


















8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


P80C32 EBAA 


AT89C52-20JG 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 


P80C32 EBBB 


AT89C52-20QC 


8 BIT MICROCONTROLLER 


6 


KB FLASH 


20 MHz 


PQFP 


COM 


P80C32 EFPN 


AT89C52-20PI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


IND 


P80C32 EFAA 


AT89C52-20JI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


IND 


P80C32 EFBB 


AT89C52-24PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PDIP 


COM 


Pflnm?i RPN 




8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PLCC 


COM 






8 BIT MICROCONTROLLER 


8 


KB FLASH 


^4 MHz 


PQFP 


COM 






8-BIT MICROCONTROLtEB 


8 


KSfl-ASH 


24 MHz 


PDIP 


IND 






8 BIT MICROCONTROaER 


8 


KB FLASH 


24 MHz 


PLCC 


IND 


ROM 
















P80C52 EBPN 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


P80C52EBAA 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 


P80C52 EBBB 


AT89C52-20QC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


COM 


P80C52 EFPN 


AT89C52-20PI 


8 BIT MICROCONTROaER 


8 


KB FLASH 


20 MHz 


PDIP 


IND 






8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


IND 


ponpc? FFRR 




8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PDIP 


COM 


P80C52 BPN 


AT89C52-24JC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PLCC 


COM 


P80C52 BAA 


AT89C52-24QC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PQFP 


COM 


P80C52 FPN 


AT89C52-24PI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PDIP 


IND 


P80C52 FAA 


AT89C52-24JI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PLCC 


IND 


EPROM 
















P87C52 EBPN 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


P87CS2EBAA 


AT89CS2-20JC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 


P87C52 EBBB 


AT89CS2-20QC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PQFP 


COM 


P87C52 EFPN 


AT89C52-20PI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


IND 


P87C52 EFAA 


AT89C52-20JI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


IND 


P87C52 EFBB 


AT89C52-24PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PDIP 


COM 


P87C52 BPN 


AT89CS2-24JC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PLCC 


COM 


P87C52 BAA 


AT89C52-24QC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PQFP 


COM 


P87C52 FPN 


AT89C52-24PI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PDIP 


IND 


P87C52 FAA 


AT89C52-24JI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


PLCC 


IND 


P87C52 EBFFA 


AT89C52-20DC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


CERDIP 


COM 


P87C52 EBLKA 


AT89C52-20LC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


ICC 


COM 


P87C52 EFFFA 


AT89C52-20DI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


CERDIP 


IND 


P87C5a/EFLKA 


AT89C52-20LI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


LCC 


IND 


P87C521 BFFA 


AT89C52-24DC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


CERDIP 


COM 


P87C521 BLKA 


AT89C52-24LC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


LCC 


COM 


P87C521 FFFA 


AT89C52-Z4DI 


8 BIT MICROCONTROLLER! 


8 


KB FLASH 


24 MHz 


CERDIP 


IND 


P87C521 FLKA 


AT89C52-24LI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


24 MHz 


LCC 


IND 


ROM/ROMIess 
















SAB 8032B -P 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


SAB 8032B -N 


AT89C52-20JC 


8' BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 


SAB 8032B -P-T40/48 


AT89C52-20PI 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


IND 


SAB 8032B-16-P 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


SAB8032B-16-N 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 


SAB 8032B -20-P 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 


SAB 8032B -20-N 


AT89C52-20JC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PLCC 


COM 


SAB 8052B -P 


AT89C52-20PC 


8 BIT MICROCONTROLLER 


8 


KB FLASH 


20 MHz 


PDIP 


COM 



6^16 Microcontroller Cross-F^fgrgtnce Guide 



V Mierocontrofler Cross-Reference Guide 



AT89C2051'" Microcontroller Detailed Cross-Reference Guide 



PhilinQ/^innp>tioc 

r 1 IIIIU9/ wIMI ldilW9 


AtlTlGl 






Pha 


TemD 


EPROM 


FLASH 






















S87C752-1F28 


AT89C2051-24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIF 


COM 


S87C752-2F28 


AT89C2051-24PI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


SB7C7S2-4F28 


AT89C2051-24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


S87C752-5F28 


AT89C20S1-24PI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


S87C752-1 NZ8 


AT89C2051 -24 rO 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


OVJM 


bo707oZ-2l>IZo 


Ml oM\jti.\)0\-ti**r\ 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


So7C75Z-4NZo 


A 1 oaL'^Uol -d'*r\y 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


OOT/^ieO CKIOQ 




8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


OD"7/^"7eO 4 AOO 

oo / Lf / D^- 1 tVio 


A 1 osOfUo 1 -£4oLr 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 






S87C75Z-ZAZO 


AT89CZ05 1 -Z451 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


sole 


IND 


So7C75Z-4AZo 


A 1 oUOfUo 1 -£4oU 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


SOIC 


COM 


S87C752-5A28 


AT89C2051 -24S! 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


sole 


IND 


OO/U/Oil-faAklO 


A 1 byi—iiUbl - lOoA 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


16 


MHz 


SOIC 


AUTO 




A 1 oyOtUOl- IbrA 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


16 


MHz 


PDIP 


AUTO 


bo / U / 0£-0N£O 




8 


BIT 


MICROCONTRCXIER 


2 


KB 


FLASH 


16 


MHz 


PDIP 


AUTO 


ROM 
























S83C752-1 N28 


AT89CZ05 1 -Z4re 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


DniD 


COM 


S83C75Z-2NZO 


AT89CZ051-Z4rl 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


oniD 


IND 


S83C752-4N28 


AT89C2051 -24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


S83C752-5N28 


AT89C2051-24PI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


S83C752-1A28 


ATB9C2051 -24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


S83C752-2A28 


AT89C2051 -24PI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


S83C752-4A28 


AT89C205 1 -24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


S83C752-5A28 


AT89C2051 -24PI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


S83C7^-6A28 


AT89C205 1-1 6SA 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


16 


MHz 


SdC 


AUTO 


S83C752-6F28 


AT89C2051-16PA 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


16 


MHz 


PDIP 


AUTO 


S83C752-6N28 


AT89C2051-16PA 


8 


BIT 


MICROCONTROLLER 


2 


KB 


PUSH 


16 


MHz 


PDIP 


AUTO 


EPROM 


FLASH 






















S87C751-1F24 


AT89C2051-24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


S87C751-2F24 


AT89C2051-24Pi 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


S87C751-4F24 


AT89C2051-24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


S87C751-5F24 


AT89C2051 -24PI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


S87C751-1N24 


AT89C2051 -24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


S87C751-2N24 


AT89C2051-24PI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


S87C751-4N24 


AT89C2051 -24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


S87C751 -5N24 


AT89C2051 -24PI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


S87C751-1 A28 


AT89C205 1 -24SC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


SOIC 


COM 




A 1 OoOfUOl -c40l 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


SOIC 


IND 


S87C751-4A28 


AT89C2051-24SC 


8 


BIT 


MICROCONTROUER 


2 


KB 


FLASH 


24 


MHz 


SOIC 


COM 


S87C751-5A28 


AT89C2051-24SI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


PUSH 


24 


MHz 


SOIC 


IND 


ROM 
























S83C751-1N24 


AT89C2051-24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


S83C751-2N24 


AT89C2051-24PI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


S83C751-4N24 


AT89C2051-24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


S83C751-5N24 


AT89C2051-24PI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


S83C751-1A28 


AT89C2051-24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


S83C751-2A28 


AT89C2051-24PI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 


S83C751-4A28 


AT89C2051-24PC 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


COM 


S83C7S1-5A28 


AT89C2051-24PI 


8 


BIT 


MICROCONTROLLER 


2 


KB 


FLASH 


24 


MHz 


PDIP 


IND 
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Each Atmel data she^ includes an Ordering Infinmstiffii Section which specifies the 
package types avaiW^ Xhis section ptoyides si^ sipecifieations and outlines for all 
package types.*'' 

Package Description See Page 

44A 44 Lead, Thin (1.0 mm) Plastic Gull Wing Quad 

Flat Package (TQFP) ; 7-4 

!|0D6 40 Lead, 0.600" Wide, Non-Windowed, 

I Ceramic Dual Inline Package (Cerdip) 7-4 

44J 44 Lead, Plastic J-Leaded Chip Carrier (PLCQ 7^ 

44L 44 Pad, Non-Windowed, Ceramic LeadlessOiip Carrier (LCO....„ ......7-4 

AOPi , - 40 Lead, 0.600" Wide, Plastic Dual Iftlitie Psck^e (PDIP) 7-5 

20P3 20 Lead, 0.300" Wide, Plastic Dual Inline Package (PDIP) 7-5 

44Q 44 Lead, Plastic Gull Wing Quad Flat Package (PQFP) 7-5 

208 20 Lead, 0.300" Wide, Plastic Gull Wing Small Outline (SOIC) 7-5 



Note: 1. Diniensioos shown ibAdtnidlideladiph^ 

. .-II m-ii-. ilBB 



Package 
Drawings 




V--..' I 



0S02A 

7r3 



44A, 44 Lead, Thin (1.0 mmP 
Flat Package (TQFP) 
Dunensions in Inches and ( 



neterS) 



0.80(0.031) BSC = 




0.40(0.016) 



= 1 0.30(0.012) 



0.17(0.007 ) r 
0.13(D.00S) ^/_ 



10.10(0,3941 



9.9010.386) 



i 



_J |_ 0.75(0,029 ) 0.10(0.00 4)1 f 

0.90(0.0.21^0.0 



■ "'WD6, W Leaa, O:S0O" Wide, Non-Wiiiabwed, 
Cermic Dual Inline Package (Cerdip) 
Dimensions in Inches and (Millimeters) 
MIL-STD-1835D-5 CONFIG A ■ ' 

■■ ;. 2,09 (53, 1) 
"' ■* 2,04(51,8) 



n n , .n n n n n n , 




PIN 
1 

■ n n 



■1 3:...;.! I! 

u u u u u u 

1,900 (40,26) REF 



.610(15 .5) 
.570(14.5] 



.225 (6.72) 

mn 

SEATING t W V- 
PIANE T 

.200 (5.0 81 

' (..-sWia-M't 



.110(Z7 91 
.C»0 (2.29) 



I- 




.065 (1 .6 51 
.040 (1 ,02) 



X.., 



,098 (2,49) 
MAX, 

,005 (.127) 
MIN. 



,060(1.5 2) 
.015 (.381) 



,023 (.56 4) 
,014 (.356) 



.620(15 ,7; 



.590(16, 



.016 (.38 1 



rt» ,203 



44J, 44 Lead, Plastic J-LeadedChip Carrier (PLCC) 
Dimensions in Inches and ^CiliinetBrs) 
JBDEC OUTLINE MO-047 AC S 



44L, 44 Pad, Non-Windowed, 
Cerainic Leadless Chip Carrier (LCC) 
Dimensions in Inches and (Millimeters)* 
MlI^STD-1835 c-s 

,662(16 ,6) 



.04fi(I.M)X^ PMNai 
/IDENUFY 



',045 11. 1 4) X 30 - 46 



I ,01 2 (,30 5) 

v. J] ,008 (,2031 





,. .108 [2.7 41 
r ,088 (2,16) 



.08012.0 31 
.tffi9(].S0) 



INBiX CORNER 




.(»0R,27)W- 



,600 (12.7) REF 
*Ceramic lid standard unless specified. 



X4S m 
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^MHH^^MH Packages 



40P6, 40 Lead, 0.600" Wide, 
Plastic Dual Inline Pactage (PDIP) 
Dimensions in Inches and (Millimeters) 
. 2,07 152. 61 

mm-ei m 

n n 1 n n n n n 1 \n n 



C 



.566(14. 41 
.630(13.51 



imp ^ u u u u u nm 

i.moi«.2«|iiff 



1 



.220 (5.59) 
MAX 



SEATING 
PLANE 



.161 (4.0 91 
.126(3.18) 




.11012.7 9) 
.090 (2.29) 



.012 (.30 61. , 
.008 (.203) ' 



,065 (1 .6 5) 
,016(.381) 
.022 1.55 9) 
.065(1.6 51 liitS«, 
.041 (1.04) W'l'l'WW. 



X. 



.630(16 .0^. I 



.590(16.0) 



I .^JT7.5j .| 

r*~ .6iO(r5.C^ 



44Q, 44 Lead, Plastic M Wing Quad Flat 
Package (PQFP) 

Dimensions in Inches wd (Millimeters) 



13.4S(0.S2S) 



0.80(0.031) BSG = 




0.17(0.00 7) 
0,13(0.005) 



_0 
77 



10.10(0.3941 



9.90(0.3861 



"^^ ]j 0.95(0.037 ) 
0.6S(a02S) 



- 2.45(0.096) MM( 



0.28(0.01 0)MIN 



20P3, 20 Lead, 0.300" Wide, 
Plastic Dual Inline Pack^e (PDIP) 
DimensicHis in laches and (Millimeters) 



1.060(26 .91 




.430 (1092) MAX 



♦Controlling dimension: miUimeterii 



20S, 20 Lead, 0.300" Wide, 

Plastic Gull Wing Small Outline (SOIC) 

Dimensions in Inches and (Millimeters) 



.020 (.50 81 
.013 (.330) 













I i 


t 

.299(7.60) .420(10.71 


0.40(0.0161 






.291 (7,391 .393 (9.98] 


0.30(0.012). 


PIN 1 ID 




1 1 






WW' ^Mlll * 



.050 (1 .27) BSC 



.613(13.01 
.497 (12.61 


r 







.105(2.6 7) 



.012 (.30 51 1 T 



.003 (.0761 



3REF 



.035(0.88 9) I 
.015(.3811~1 r 



, .013 (.33 0) 

k f .009 (.229) 



Z-5 



'1 



J*.- 



.■,-,a_ 
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Programmable Logic Devices 



Part Number 


Packages 


Speeds 


Description 


Availability 


Flash-Based 


ATF16V8B 

ATF16V8BQ.BQL 

ATF16V8C 

ATF16V8CZ 

ATF20V8B 

ATF20V8BQ,BQL 

ATF22V10B 

ATF22V10BL,BQ,BQL 

ATF22V10BL,BQ,BQL 

ATFISOO.L 


20-Pin 
20-Pin 
20-Pin 
20-Pin 
24-Pin, 28-Pin 
24-Pin, 28-Pin 
24-Pin, 28-Pin 
24-Pin, 28-Pin 
24-Pin, 28-Pin 
44-Pln 


7.5-25 ns 
10-25 ns 
5-7 ns 

10-15 ns 

7.5-25 ns 
10-25 ns 

7.5-25 ns 
10-2Sns 
10-2Sns 

7.5-15 ns 


8 FFs, 8 I/O Pins, Standard Power 

8 FFs, 8 i/O Pins, Quarter Power, Low Power 

8 FFs, 8 I/O Pins. Standard Power 

8 FFs, 8 I/O Pins, Zero Power 

8 FFs. 8 I/O Pins, Standard Power 

8 FFs. 8 I/O Pins, Quarter Power, Low Power ^ 

1 FFs, 1 I/O Pins, Standard Power ' * 

10 FFs, 10 i/O Pins, Quarter Power, Low Powef 

10 FFs, 10 I/O Pins, Quarter Power, Low Power 

32 FFs, 32 I/O Pins, Standard Power, Low Power 


Now 

Now 

4Q-95 

4Q-95 

Now 

Now 

Now 

Now 

Now 

Now 


Low Voltage 




ATF16LV8C 

ATF16LV8CZ 

AT22LV10,L 

ATLV750B,BI- 

ATLV2500B,BL 


20-Pin 
20-Pin 
24-Pin, 2B-Pin 
24-Pin, 28- Pin 
*3|9(h; 44.p|n 


10-15 ns 
15-25 ns 
20-30 ns 
10-1Sns 
15-20n8 


8 FFs, 8 I/O Pins, Low Voltage 

8 FFs, 8 I/O Pins, Low Voltage, Zero Power 

10 FFs, 10 I/O Pins, Standard & Low Power 

20 FFs, 10 i/O Pins, Standard & Low Power 

48 FPs, 24 I/O Hns, Standard & Low Power" « • 


4Q-95 
4Q-9S 
Now 
4Q-95 

40.95 • 


5-Volt, EPROM-Basad 


AT22V10,L 

AT2ZV10B 

ATV750,L 

ATV750B,BL 

ATV750BQ,BQL 

ATV2500H,L 

ATV2500B,BL 

ATV2500BQ,BQL 

ATVSOOO.L 

ATVSIOO.L 


24-Pin, 28-Pin 
24-Pin.28-Pin 
24-Pin. 28-Pln 
24-Pin. 28-Pin 
24-Pin, 28-Pin 
40-Pin, 44-Pin 
44-Pin 
40-Pin, 44-Pin 
68-Pin 
68-Pin 


15-30 ns 
7.5-10 ns 
20^ ns 
7.5-25 ns 
15-25 ns 
25-35 ns 
12-20 ns 
20-25 ns 
25-35 ns 
25-35 ns 


10 FFs, 10 I/O Pins, Standard & Low Power 
10 FFs, 10 I/O Pins, Standard Power 
20 FFs. 10 I/O Pins. Standard & Low Power 
20 FFs. 10 I/O Rns, Standard & Low Power 
20 FFs, 10 I/O Pins, Quarter Power, Low Power 
48 FFs, 24 I/O Pins, Standard & Low Power 
48 FFs, 24 I/O Pins, Standard & Low Power 
48 FFs, 24 I/O Pins, Quarter Power, Low Power 
1 28 FFs, 52 I/O Pins, Standard & Low Power 
128 FFs. 52 I/O Pins, Standard & Low Power 


Now 
Now 
Now 
Now 
4Q95 
Now 
Now 
Now 

tm 

Now 



Cache Logic'™ FPGAs 



Part Number 


Registers 


Usable Gates 


Frequency 


Description 


Availability 


AT6002 


1.024 


2K-4K 


250 MHz 


96 I/O Pins, SV, Very Low Power 


Now 


AT6003 


1,600 


3K-6K 


250 MHz 


1 20 I/O Pins, SV, Very Low Power 


Now 


AT600S 


3,136 


5K-1CK 


250 MHz 


1 08 I/O Pins, SV, Very Low Power 


Now 


AT6010 


6,400 


10K-20K 


250 MHz 


204 1/0 Pins, 5V, Very Low Power 


Now 


Low Voltage 


AT6002LV 


1.024 


2K-4K 


250 MHz 


96 I/O Rns. 3V. Very Low Power 


4Q-95 


AT6003LV 


1,600 


3K-6K 


250 MHz 


120 I/O Hns. 3V, Very Low Poiwer 


4Q-95 


AT6005LV 


3,136 


SK-10K 


250 MHz 


108 lAO Hns. 3V. Very Low Power 


Now 


AT6010LV 


6,400 


10K-20K 


250 MHz 


204 I/O Hns, 3V. Very Icm Power 


10-96 


FPGA Serial Configuration E^PROMS 


Part Number 


Memory Size 






Description 


Availability 


ATI 7065 


65,536x1 


65K FPGA Configuration E^PROM 




Now 


AT17C128 


131.072x1 


128K FPGA Configuration e¥r0M 




Now 


AT170256 


262,144x1 


2S6K FPGA Configuration ^ROM 




40-95 



8 



OSOIA 




System Serial Configuration E^PROMS 



Part Number 


Memory Size 


: Description 


Availability 


AT34C64 


65,536 X 1 


64K System Configuration E^PROM 


40-95 


AT34C128 


131,072x1 


128K System Configuration E^PROM 


4Q-9S 


AT34C256 


262,144 X 1 


256K System Configuration E^PROM 


lQ-96 



Gate Arrays 



Part Number 


Gates 


Description 






Availability 


ATL60 Series ■■ 


4K- 
1120K 


M-IVTrcnon OIWOS Gate Array, 3.3-Volt & 5.0-Volt Operation, 
16 Versions witfi Various Pin & Gate Counts 








ATL80 Series 


2K-600K 


0.8-Micron CMOS Gate Array, 3.3-Voit & 5.0-Volt Operation, 
12 Versions witli Various Pin & Gate Counts 






Now 


AB.V Series 


2K-35K 


1 .0-l^ioron CIWOS Gate Array, 1 .0-Voit & 3.3-Volt Operation, 
8 Underiayers witti Various Pin & Gate Counts 






Now 



Logic 



Part Number 


Speeds 


Description 


Availability 


AT40281 

AT40283 

AT40285 

AT40391B 

AT40392 

AT40410 

AT40493 

AT40495 


16-40 MHz 
16-33 MHz 
16-40 MHz 
26-40 MHz 
25-50 MHz 
25-50 MHz 
25-50 MHz 
2S-S0 MHz 


80386SX PC/AT Core Logic Controiier, with Posted-Write Cache _ 

80386SX PC/AT Core Logic Controiier , - — i 

80386SX/486SLC/486SLC2 PC/AT Core Logic Controiier "^'.^ ;'" ; 
80386DX PC/AT System & Cache Controller ' ,, ' " 
80386DX PC/AT Memory Controller " , , 
ISA/PCWL PC/AT Core Logic Chipset 
80486 PC/AT System & Cache Controller 
80486 PC/AT System & Cache Controller 


Now 

Now - 

Now 

Now 

Now 

Now 

Now 

Now 


Seeure Ri^ory ICs ' 






Part Number 


Memory Size 


Description 


Availability 


AT88SC101 
AT88SC102 
AT88SC103 
AT88SC200 
RF iD ASICs 


1024 X 1 
1024 X 1 
1536x1 
2048 X 1 
Up to 16Kx 1 


1 K Serial E^PROM with Security, 1 Memory Zone, 1 024 Bits 

1K Serial E^PROM with Security, 2 Memory Zones, 512 Bits Each 

1 K Serial E^PROM with Security, 3 Memory Zones, 51 2 Bits Each 

2K Serial E^PROM with Gate Array 

Analog, Digital & Memory on Single-Chip ASIC 


Now 
Now 
Now 
Now 
Now 




... . ■■, ; . , 


.J' :?o^'' 
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Flash PEROMs 



Part Number 


Organization 


Speeds 


Description 


Availability 


Battery-Voltage™ (2.7V to 3.6V) 


AT29BV010A 


128Kx8 


200-350 ns 


1-Mbit, 2.7-Volt Read aixl;a.7-Vott vynte Flash PERpM 


Now 


AT29BV020 


2S6KX8 


250^ ns 


2-MMi 27-VoltRwK> and 2^V(«)Wrtte Rash PEftOM 


Now;. 


AT29BV040A 


512Kxa -. . 


.zmmtm ■■ 


t-MDIt, a.7<4iil)MtWl!afKl 2'7rt^ VMAS F^i PEROM 8 v . 


Ncm . 


Low Voltage (3V to 3.6V) 




'•- ' *■ ' , ■ - f> . . 




AT29LV256 


32Kx8 


150-250 ns 


256K, 3- Volt Read and 3-Volt Write Flash PEROM • 


Now.'-' -1 " 


AT29LV512 


64Kx8 


200-250 ns 


51 2K, 3- Volt Read and 3-Volt Write Flash PEROM 


Now 


AT29LV010A 


128KX8 


^uu-^bu ns 


1 -MDit, o-voii Head and j-voit wnte riasn rtnUM 


Now 


AT29LV1024 


64Kx 16 


150-250 ns 


1-Mbit, 3-Volt Read and 3-Volt Write Flash PEROM 


Now 


AT29LV020 


256K X 8 


200-250 ns 


2-Mbit, 3-Volt Read and 3-Volt Write Flash PEROM 


Now 


AT29LV040A 


512KX8 


200-250 ns 


4-Mbit, 3-Volt Read and 3-Volt Write Flash PEROM 


Now 


Standard Valtaga(5V) 








AT29C2S6 


32KX8 


70-250 ns 


256K, 5-Vott Read and S-Vott Wrtte Rash PEROM 


Now 


AT29C257 


32Kx8 


70-250 ns 


2S6K, 5-Volt Read and 5-Volt Write Rash PEROM 


Now 


AT29C512 


64Kx8 


70-200 ns 


51 2K, 5-Volt Read and 5-Volt Wrtte Rash PEROM 


Now 


AT29C1024 


64Kx16 


70-200 ns 


1-Mbit, 5-Volt Read and 5-Volt Wnle Rash PEROM 


Now 


AT29C010A 


128Kx8 


70-200 ns 


1-Mblt, 5-Volt Read and 5-Volt Write Rash PEROM 


Now 


AT29C020 


256K X 8 


1 00-200 ns 


2-Mbit, 5-Volt Read and 5-Volt Write Flash PEROM 


Now 


AT29C040A 


512KX8 


120-250 ns 


4-Mbit, 5-Volt Read and 5-Volt Write Rash PEROM 


Now 



Serial E^PROMs 



Part Number 


Organization 


V 


Description 


Availability 


AT24C01 


1^X8 


1.8,2.5,2.7,5.0 V 


IK, 2-Wire Bus Serial E^PROM, Non-CascadaUe 


Now 


AT24C21 


128x8 


2.5 - 5.0 V 


1 K, 2-Wire Bus Serial E^PROM, Dual Mode, 
Plug & Play Operation 


Now 


AT24C01A 


128 X 8 


1.8, 2.5, 2.7. 5.0 V 


1 K, 2-Wire Bus Serial E^PROM 


Now 


AT24C02 


256x8 


1.8, 2.5, 2.7, 5.0 V 


2K, 2-Wire Bus Serial E^PROM 


Now 


AT24C04 


512x8 


1.8, 2.5, 2.7, 5.0 V 


4K, 2-Wire Bus Serial E^PROM 


Now 


AT24C08 


1024x8 


1.8, 2.5, 2.7, 5.0 V 


8K, 2-Wire Bus Serial E^PROM - — -' 


Now 


AT24C16 


2048 x8 


1.8,2.5, 2.7, 5.0 V 


16K, 2-Wfire Bus Serial E^PROM 


Now 


AT24C164 


2048 x8 


1.8,2.6, 2.7, 5.0 V 


16K, 2-Wire Bus Serial E^PROM with Cascadable Feature 


Now 


AT24C32 


4096 X 8 


1.8, 2.5, 2.7,5.0 V 


32K, 2-Vyire Bus Serial E^PROM with Cascadable Feature 


Now 


Af24C64 


8192x8 


1.8,2.5, 2.7,5.0 V 


64K, 2-Wire Bus Serial E^ROM with C^^adable Feature' 


Now 


AT25C01 


128x8 


1.8,2.7,5.0 V 


1K, SPi Bus Serial e¥rOM, Supports SPI*lode 1 


Consult Factory 


AT25C02 


256 x8 


• i:8, 2:7,^0 V 


2K, SPI Bus Serial E%>ROM, Supports SPI'Mbcte 1 


Conauil-Fiatitory 


AT25C04 * 


S12X8 


' 1.8,2.7,5.0 V 


4K, SPI Bus Serial e¥rOM, Supports SPT Modd 1 


Consult FadofV 


AT25010 


128x8 


' 1.8, i?; 5.0 V 


1K^ SPl Bus Serial E^ROM, Supports SPI Mode and 3 


Now - 


AT250Z0 


256 x8 


1.8, 2.7, 5.0 V 


2k, SPl Bus Serial e¥ROM, Supports SPI Mods 6 and 3 ' 


Now 


AT25040 


512x8 


1.8,2.7,5.0 V 


4K, SPI Bus Serial E^PROM, Supports SPI Mode and 3 


Now 


AT93C46 


64x16/128 x8 


1.8, 2.5, 2.7,5.0 V 


1K, 3-Wlre Bus Serial E%>ROM 


Now 


AT93C46A 


64x16 


1.8, 2.5, 2.7, 5.0 V 


IK, 3-Wire Bus Serial E^PROM 


Now 


AT93C56 


128 X 16/256x8 


2.5, 2.7.5.0 V 


2K, 3-Wire Bus Serial E^PROM 


Now 


AT93C57 


128x16/256x8 


2.5, 2.7, 5.0 V 


2K, 3-Wire Bus Serial E^PROM with Special Address 


Now 


AT93C66 


256x 16/512x8 


2.5, 2.7, 5.0 V 


4K, 3-Wire Bus Serial E^PROM 


Now 


AT59C1 1 


64x16/128 x8 


2.5, 2.7, 5.0 V 


IK, 4-Wire Bus Serial E^PROM 


Now 


AT59C22 


128x 16/256x8 


2.5, 2.7, 5.0 V 


2K, 4-VWre Bus Serial E^PROM 


Now 


AT59C13 


256x 16/512x8 


2.5, 2.7, 5.0 V 


4K, 4-Wire Bus Serial E^PROM 


Now 
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Parallel E^PROMs 



Pari Number 


Organization 


Speeds 


Description 


Availabiiity 


High Speed 


AT28HC64B 


8Kx8 


55-120 ns 


64K E^PROM with 64-Byte Page, Software Data Protection 


Now 


AT28HC256 


32Kx8 


70-120 ns 


256K E^PROM with 64-Byte Page & Software Data Protection 


Now 


AT28HC256E 


32KX8 


70-120 ns 


256K E^PROM with Extended Endurance, Standard & Low Power 


Now 


AT28HC256F 


32Kx8 


70-120 ns 


256K E^PROM with Fast Write, Standard & Low Power 


Now 


Battery-Voltage™ (2.7V to 3.6V) 






AT28BV16 


2Kx8 


250-300 ns 


16KE¥ROM,2.7-Voit 


Now 


AT28BV64 


8Kx8 


300 ns 


64KE¥l*5M,2.74Vfeit 

^ — — ' — -' ' ^~ - p;>r - '.^ • f',-^" ^ '—^^r-- '■ ' 


Now ^ ' 


Low Voltage (3.0V to 3.6V) 








AT28LV64B 


8Kx8 


200-300 ns 


64K E^PROM with 64-Byte Page S^iSvyare DaS PisSection, 3.0-Volt 


Now 


AT28LV256 


32K X 8 


200-300 ns 


256K E^PROM with 64-Byte Page & Software Data Protection, 3.0-Volt 


Now 


AT28LV010 


128Kx8 


200-250 ns 


1-Mbit E^PROIUI with 128-Byte Page & Software Data Protection, 


Now 








3.0-Voit 




Standard Voltage (5V) 


AT28C16 


2Kx8 


1 50-250 ns 


16KE^PROM 


Now 


AT28C16E 


2Kx8 


160-250 ns 


1 6K E^PROM vflth Extended Endurance & Fast VVrite 


Now 


AT28C17 


2Kx8 


150-250 ns 


16K E^PRpM vwtji-ReadyyBusy 


Now 


AT28C17E 


2Kx8 


160-250 ns 


1 6K E^PROM witf) Ready/Busy & Extended Endufflnoe & Fast Writp 


Now 


AT28C64 


8Kx8 


120-350 ns 


64KE^PROM - 


Now 


AT28C64E 


8Kx8 


120-350 ns 


64K E^PROH/I with Extended Endurance & Fast Write 


Now 


AT28C64X 


8Kx8 


150-450 ns 


64K E^PROM without Ready-Busy 


Now 


AT28C64B 


8Kx8 


150-250 ns 


64K E^PROIW vi^liPWIW^^'Software Data Protection 


Now 


AT28C256 


32Kx8 


150-350 ns 


256K E^PROM with 64-Byte Page & Software Data Protection 


Now 


AT28C256E 


32Kx8 


1 50-350 ns 


256K E^PROIVI with Extended Endurance 


Now 


AT28C256F 


32Kx8 


150-350 ns 


256K E^PROIVI with Fast Write & Software Data Protection 


Now 


AT28C010 


128Kx8 


120-250 ns 


1-IVIbit E^PROIVl with 128-Byte Page & Software Data Protection 


Now 


AT28C010E 


128KX8 


120-250 ns 


1-IVIbit E^PROIVl with 128-Byte Page & Extended Endurance & Software 


Now 








Data Protection 




AT28C040 


512Kx8 


150-250 ns 


4-Mbit E^PROM with 256-Byte Page & Software Data Protection 


Now 



Flash Memory Cards 



Part Number 


Organization 


V 


Description 


Availability | ] 


ATSFC001 


1 Mbyte 


5.0 V 


PCMCIA Compatible Flash Memory Card 


Now 


ATSFC002 


2 Mbyte 


5.0 V 


PCMCIA Compatible Flash Memory Card 


Now 


AT5FC004 


4 Mbyte 


5.0 V 


PCMCIA Compatible Flash Memory Card 


Now 


AT5FC008 


8 Mbyte 


5.0 V 


PCMCIA Compatible Flash Memory Card 


Now 



m Atmel Product Line GuiclQ ■ 



■H Atmel Prociiict Line Guide 



EPROMs 



Part Number 


Organization 


Speeds 


Description 


Availability 


Battery-Voltage ™(2.7V) 




AT27BV010 


128Kx8 


90-150 ns 


1 -Mbit, 2.7- Volt to 3.6- Volt EPROM 


Now 


AT27BV020 


256K X 8 


120-150 ns 


2-Mbit, 2.7-Volt to 3.6-Volt EPROM 


Now 


AT27BV040 


512KX8 


150 ns 


4-Mbit, 2.7-Volt to 3.6-Volt EPROM 


Now 


Low Voltage (3 to 5.5V) 


AT27LV256R 


32Kx8 


150-250 ns 


256K3.Volt EPROM 


Now 


AT27LV512R 


64Kx8 


1 50-250 ns 


512K3-Volt EPROM 


Now 


AT27LV1024 


64Kx 16 


150-250 ns 


l-Mbita-VoltePROM 


Now 


AT27LV010 


128Kx8 


1 50^250 ns 


1-Mbtt,3-Volt EPROM 


Now 


AT27LV020 


256K X 8 


150-300 ns 


2-Mbit, 3-Volt EPROM 


Now 


AT27LV4096 


256KX 16 


200-300 ns 


4-Mbit, 3-Volt EPROM 


Now 


AT27LV040 


512Kx8 


200-300 ns 


4-Mbit, 3-Volt EPROM 


Now 


AT27LV080 


1024KX8 


250-300 ns 


8-Mbit, 3-Volt EPROM 


4Q-96 


Standard Voltage (5V) 


AT27C266R 


32Kx8 


45-200 ns 


256K EPROM 


Now 


AT27CS12R 


64Kx8 


45-200 ns 


512K EPROM 


Now 


AT27C1024 


64Kx 16 


55-200 ns 


l-MMt EPROM 


Now 


AT27C010,L 


128Kx8 


45-200 ns 


1-Mblt EPROM, StamM & Low Power 


Now 


AT27CQ20 


256K X 8 


70-200 ns 


2-Mblt EPROM 


Now 


AT27C4096 


256KX16 


85-200 ns 


4-Mbit EPROM 


Now 


AT27C040 


512KX8 


SOtSOO ns 


4-Mblt EPROM 


Now 


AT27C080 


1Q24KX8 




##bltBF>ROM 


Now 
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North Anwrlcan Sales Offiew 

NORTHWEST 

2125 O'Nel Drive 
San Jose, CA 95131 
TEL (408) 436-4270 
FAX (408) 436-4314 

NORTHEAST 

300 Granite Street, #106 
Braintree, MA 02184 
TEL (617) 849-0220 
FAX (617) 848-0012 

135 Michael Cowpland Dr., #203 
Kanata, Ontario K2M 2E9 
Canada 

TEL (613) 599-5338 
FAX (613) 599-5337 

MID-ATLANTIC 

101 Carnegie Center, #205 
Princeton, NJ 08540 
TEL (609) 520-0606 
FAX (609) 520-9175 

SOUTHEAST 

809 Spring Forest Road, #600 
Raleigh, NC 27609 
TEL (919) 850-9889 
FAX (919) 850-9894 

NORTH CENTRAL 
1721 Moon Lake Blvd., #430 
Hoffman Estates, IL 60194 
TEL (708) 310-1200 
FAX (708) 310-1650 

SOUTH CENTRAL 
11782 Jolly villeRd. 
Austin, TX 78759 
TEL(512)219-4030 
FAX(512)219-4051 

17304 Preston Road, Suite 720 
Dallas, TX 75252 
TEL (214) 733-3366 
FAX (214) 733-3163 

SOUTHWEST 
8101 Kaiser, Suite 140 
Anaheim Hills, CA 92808 
TEL (714) 282-8080 
FAX (714) 282-0500 



International Sales Offices 

UNITED KINGDOM 

Atmel U.K., Ltd. 
Coliseum Business Centre 
Riverside Way 

Camberley, Surrey GU15 3YL 
England 

TEL (44) 1276-686677 
Wm ]!37!#4«8697 

FINLAND 
Atmel OY 
Sinikalliontle 5 
02630 Espoo 

Finland 

TEL (358) 0-5023026 
FAX (358) 0-5023126 

FRANCE 

Atmel Southern Europe 
55 Avenue Diderot 
94100 St. MaurDes Fosses 
Paris, France 
TEL (33) 1-48855522 
FAX (33) 1-48855596 

GERMANY 
Atmel GmbH 
Ginnheimer Strasse 45 
D-60487 Frankfurt 90 
Germany 

TEL (49) 69-7075910 

Atmel GmbH 
Niederlassung Sud 
Litzdorfer Strasse It 
D-83064 Raublt^ 
Germany 

TEL (49) 8034-9127 
FAX (49) 8034-9330 

HONG KONG 

Atmel Asia, Ltd. 

Room 1219, Chinachem Golden Plaza 
77 Mody Road, Tsimsfaatsui Bast 
Kowloon 

Hong Kong 

TEL (852) 27219778 

FAX (852) 27221369 

ITALY 

Ufficio di Milano 
Centro Direzionale CoUeoni 
Palazzo Andromeda 3 
20041 Agrate Brianza 
Italy 

TEL (39) 39 605 69 55 
FAX (39) 39 605 69 69 



JAPAN 

Atmel Japan K.K. 
Thomas Bldg., 16-1 
Nihonbashi Hakosaki-Cho 
Chuo-Ku, Tokyo 103 
Japan 

TEL (81) 3-5641-0211 
FAX (81) 3-5641-0217 

KOREA 

Atmel Korea, Ltd. 

6F, Norsan Bldg., 106-8 

Guro 5— Dong, Guro-Ku 
Seoul, Korea (152-055) 
TEL (82) 2-8396341 
FAX (82) 2-8396343 

SINGAPORE 

Atmel Singapore PTE., Ltd. 
6001 Beach Road 
Golden Mile Tower #21-01 
Singapore 0719 
TEL (65) 2999-212 
FAX (65)2910-955 

SWEDEN 

Atmel Sweden 

P.O. Box 142 

S- 19422 Upplands Vasby 

Sweden 

TEL (46) 8-590-74910 
FAX(46) 8-590-74910 

TAIWAN 

Atmel Taiwan Ltd. 
FL 15-4, No. 83, Sec. 1 
Nan-Kan Road 

Lu Chu Hsiang, Taoyuan Hsien 
Taiwan, R.O.C. 
TEL (886) 3-3229133 
FAX (886) 3-3229131 
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